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Abstract—In the connection between the last kilometer access 

network and the backbone network, the dual-hop hybrid free-

space optical/radio frequency(FSO/RF) relay system is 

considered to be an effective solution to increase the capacity and 

coverage of the wireless communication system. However, the 

transmission performance of FSO link is greatly affected by 

atmospheric turbulence, pointing errors and weather such as fog 

and snow, and the RF access network has low rate and relatively 

high delay. To ensure communication quality, a hybrid FSO/RF-

terahertz(THz) relay system has been designed. Decode-and-

forward relay is selected, and the hybrid FSO/RF communication 

based on adaptive combining scheme is considered before the 

relay node, and THz link is used after the relay node to access the 

users. Using the statistical characteristics of different links 

obtained, expressions for the outage probability and average bit 

error rate of the system were derived. The effects of different 

parameters on the performance of hybrid FSO/RF-THz relay 

system is studied, and the first hop adaptive combining scheme is 

compared with the single-threshold switching scheme and the 

single-link FSO system. The analysis results indicate that the 

hybrid FSO/RF-THz relay system can provide better outage and 

bit error rate performance by using the adaptive combining 

scheme, which can improve the system communication rate while 

taking into account the communication reliability. 

 
Index Terms—Free-space optical (FSO) communication, radio 

frequency (RF) communication, terahertz (THz) communication, 

adaptive combining scheme, relay performance analysis. 

 

I. INTRODUCTION 

REE-space optical (FSO) communications have 

received much attention in the field of wireless 

communications due to its advantages of high-speed 

rate, large capacity, strong confidentiality, low cost, and ease 

of deployment, making it the primary choice for connecting 

between radio frequency (RF) access networks and backbone 

networks. However, FSO is highly sensitive to problems such 

as atmospheric turbulence, pointing errors, and weather 

conditions (e.g., fog, haze, and snow), which limit the 

transmission distance of FSO links and seriously affect the 

performance of FSO communications [1], [2], [3]. On the 

other hand, RF communication, only attenuates severely in 
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rain, is insensitive to atmospheric turbulence and pointing 

errors, and has strong environmental adaptability, but RF 

communication still has disadvantages such as poor 

interference resistance, low security, and low rate [4]. In 

addition, terahertz (THz) communication (0.1 THz -10 THz), 

as one of the core technologies of B5G and 6G 

communication, has a frequency band between RF and FSO, 

which has the advantages of low latency, high directional gain, 

and high available bandwidth, however, the huge path loss and 

molecular absorption, pointing errors and other problems lead 

to the limited transmission distance of THz communication, 

and thus THz is suitable for short-distance and high-speed 

communication [5], [6]. 

Given the advantages and disadvantages of FSO, RF, and 

THz communication mentioned above, hybrid communication 

has emerged to overcome the limitations of a single 

communication method in different scenarios and improve 

system performance. Hybrid communication is considered as a 

promising architecture in wireless communication and has 

received a lot of attention. Various types of hybrid systems 

have been studied in different works which can mainly be 

divided into two parts. The performance of hybrid relaying 

systems was studied in [7]-[13], and [9] derived exact 

expressions for the outage probability, bit error rate (BER), 

and ergodic capacity of hybrid FSO-RF systems using 

amplify-and-forward (AF) and decode-and-forward (DF) 

relaying, which provided a general framework for the 

performance analysis of the dual-hop hybrid FSO-RF system. 

[10] investigated the UAV-assisted asymmetric dual-hop 

hybrid FSO-RF system. [11] compared the performance of 

hybrid FSO-RF relay systems under the influence of intensity 

modulation/direct detection and heterodyne detection. At the 

same time, with the continuous development of THz 

technology, THz links have recently been introduced into 

hybrid relay systems. [12] analyzed the performance of hybrid 

THz-FSO relay system under the influence of pointing errors 

and channel fading. In [13], a hybrid RF-THz relay 

communication system with multiple antenna diversity is 

proposed. The performance of parallel hybrid systems was 

studied in [14]-[21], and literature [17] analyzed the effect of 

weather on hybrid networks with FSO links as primary links 

and RF links as backup links. [18] applied a rateless coding in 

hybrid FSO/RF system, which can fully utilize the FSO and 

RF channel resources. [19] proposed a hybrid FSO/RF 

communication system based on signal-to-noise ratio (SNR) 

threshold switching, but this method leads to frequent link 

switching between FSO and RF links. Therefore, a new hybrid 

FSO/RF system using adaptive combining scheme was 

F 
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proposed in [20] to solve the shortcomings of the method in 

[19]. [21] analyzed the hybrid FSO/RF system under the 

combined influence of pointing errors and atmospheric 

turbulence. In addition, [22] and [23] also investigated parallel 

multi-hop hybrid relay systems, which are equipped with both 

FSO and RF transceivers at each hop. Currently, the research 

on hybrid communication systems mainly focuses on the 

hybridization of FSO and RF, FSO and THz, and THz and RF. 

There are few reports on communication systems that mix 

FSO, RF, and THz simultaneously. 

Combining the idea of parallel transmission mode of hybrid 

communication, this paper improves on the hybrid FSO/RF 

serial relay system and designs a hybrid FSO/RF-THz relay 

communication system, considering that the FSO link and 

THz link are modeled by the Gamma-Gamma and α-μ 

distributions with pointing errors, respectively, while the RF 

link follows the Nakagami-m distribution. The hybrid 

FSO/RF-THz relay communication system uses the hybrid 

FSO/RF communication based on adaptive combining scheme 

to alleviate the degradation of the system performance of the 

separate FSO link due to atmospheric turbulence and other 

factors, and after the relay node, the THz link is utilized 

instead of the traditional millimeter-wave RF link to access the 

user, thus further improving the system communication rate. 

The outage probability and average BER expressions of the 

system are derived, and the correctness of the derived 

performance formula is verified by simulating the relationship 

between different parameters and the performance of the 

hybrid FSO/RF-THz relay system. 

II. SYSTEM AND CHANNEL MODELS 

A. System Model 

The hybrid FSO/RF-THz relay system is shown in Fig.1, 

which is a dual-hop hybrid communication system that can 

provides users with high-speed rate, low latency, safe and 

reliable data transmission. Adopting DF relay mode, the 

communication distance from the source (S) node to the relay 

(R) node is relatively long. The hybrid FSO/RF 

communication system based on the adaptive combining 

scheme is adopted. The relay node R to the destination (D) 

node uses a short-distance THz link to access the users. Since 

FSO only supports line-of-sight communication and RF is 

used as a backup link for FSO in the hybrid FSO/RF-THz 

relay system, the transmitters and receivers of both FSO and 

RF link are deployed at the top of the building. 

For the first hop S-R hybrid FSO/RF communication 

system based on adaptive combining scheme [24][7], when the 

instantaneous SNR F  of the FSO link receiver is higher than 

the set threshold th , the signal is transmitted through the FSO 

link; when the instantaneous SNR F  of the FSO link drops 

below the set threshold th , the receiver sends 1-bit feedback 

information to activate the RF link, and the communication 

rate of the FSO link is reduced to the RF link. The signal is 

transmitted simultaneously through the FSO link and the RF

Source (S) Relay (R) Destination (D)

FSO link

RF link

Switching Device Switching Device

 
Fig. 1. Hybrid FSO/RF-THz relay system model. 

 

 link, and the maximum ratio combiner is used to combine the 

signals received from the two links. Therefore, the combining 

rules of the hybrid FSO/RF communication system based on 

adaptive combining scheme can be expressed as 

F F th

c

F R F th

,          

,  

  


   


 
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           (1) 

where c  is the output SNR of the adaptive combining 

scheme, R  is the instantaneous SNR of RF link. 

B. FSO Link 

Assuming that the FSO link adopts subcarrier intensity 

modulation (SIM) and direct detection technology, the optical 

signal received at the relay R can be expressed as 

F F l Fy P I Ix n        (2) 

where PF is the transmission power of the FSO link, η denotes 

the photoelectric conversion coefficient, Il denotes the 

atmospheric attenuation associated with the FSO link, 

according to Beer-Lambert law l l Fexp( )I L  , l  is the 

attenuation coefficient, and LF is the FSO link distance. x 

represents the signal transmitted at the source node S, Fn  

represents the additive white Gaussian noise with mean 0 and 

variance 
2

F  of the FSO link, and I = IaIp represents the 

effective channel gain of the FSO link, including atmospheric 

turbulence Ia and pointing errors Ip. 

The FSO link fading Ia caused by turbulence follows a 

Gamma-Gamma distribution, then the probability density 

function (PDF) of Ia is 
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where ( )   represents Gamma function, ,

, ( )m n

p qG   denotes 

Meijer-G function, The large-scale turbulence coefficient F  

and the small-scale turbulence coefficient F  are given as 

1
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in (4), 
2 2 7/6 11/6

RV 0 F1.23 nC k L   is the Rytov variance, where the 

wavenumber 0 F=2π/k  , 
2

nC  represents the atmospheric 

refractive index structure constant. 

eq

2 2

p 0,F exp( 2 / )LI A r w  is the fading coefficient caused by 

the pointing error during the FSO link transmission [25][25], 

where r represents the radial displacement between the beam 

center and the detector, r follows the modified Rayleigh 

distribution, A0,F represents part of the received optical power 

at r=0, 2

0,F erf ( )A v , a

2 L

r
v

w


 , ra denotes the aperture 

radius, Lw  denotes the beam width, 
eqLw is the equivalent beam 

width, 
eq

2

2

2

π erf( )
=

2 exp( )

L
L

w v
w

v v
. Therefore, considering the zero-

axis pointing error, the PDF of Ip can be represented as 
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where 
eq

F

j,F2

Lw



  denotes FSO link pointing error coefficient,

j,F denotes the jitter standard deviation of FSO link. 

From 
a a| a a a( ) ( | ) ( )dI I I If I f I I f I I  , we get the PDF of 

the effective channel gain I of the FSO link under the 

combined influence of atmospheric turbulence and pointing 

error as 
2
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Since the instantaneous SNR and average SNR of the FSO 

link are 

2 2 2
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respectively, using F  and F  to replace the variable I in (6) 

can obtain the PDF of F  as [26], [27]  
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By integrating (7), the cumulative distribution function 

(CDF) of 
f  can be obtained as 
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C. RF Link 

The received signal of RF link at relay R can be expressed 

as 

R R l,R R Ry P h h x n            (9) 

where PR is the transmit power of the RF link,

R

l,R t,R r,R oxy rain R

R

4π
20lg( ) ( )

L
h G G L 


     denotes the 

path loss of the RF link, t ,RG  and r,RG  represent the gain of 

RF link transmitting antenna and receiving antenna, 

respectively, LR and λR are the RF link distance and 

wavelength, respectively, αoxy and αrain are the attenuation 

coefficient caused by oxygen and rain absorption, 

respectively. hR is the fading coefficient of the RF link, 

which follows the Nakagmi-m distribution, and Rn  is the 

additive Gaussian white noise with mean 0 and variance 2

R  

of the RF link. 

The instantaneous SNR and average SNR received by the 

RF link are 
2

R R R= h  and R l,R

R 2

R

=
P h




, respectively, so the 

PDF of R  can be written as [28] 
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where m denotes the parameter of channel fading degree. 

By integrating (10), the CDF of R  can be obtained as 

R

R
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m
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where ( , )    denotes the lower bound incomplete Gamma 

function. 

 

D. THz Link 

If the relay node R adopts DF relay forwarding mode, then 

the received signal at destination node D for the second hop 

THz link is 

T T l,T T T
ˆy P h h x n         (12) 

where PT represents the transmit power of the THz link, 

t,T r,T

l,T T T

T T

1
exp[ κ ( ) ]

4π 2
a

c G G
h f L

f L
  is the path loss of THz 

link, c is the speed of light, 
t,TG  and 

r,TG  denote the gains of 

THz link transmitting antenna and receiving antenna, 

respectively, fT and LT are the frequency and link distance of 

the THz link, respectively, κ ( )a   denotes the absorption 

coefficient with respect to temperature, relative humidity and 

atmospheric pressure, x̂  denotes the decoded signal at the 

relay R, nT denotes the additive Gaussian white noise with 

mean 0 and variance 
2

T  of the THz link, and hT=hphf denotes 

the THz link channel coefficient, including the pointing error 

hp and the channel fading hf. 

The THz link channel coefficients hT experience α-μ fading 

with pointing error impairments. Therefore, considering the 

combined effects of channel fading and pointing error, the 

PDF of hT is given by 
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where T and 
0,TA  represent the THz link pointing error 

parameter and the partially received optical power, 

respectively, and their solution method refers to the FSO link 

pointing error parameter F  and the partially received optical 

power 
0,FA . α and μ denote the channel fading parameters, Ω 

is the α-root mean of the fading channel envelope, ( , )    

represents the upper bound incomplete Gamma function. 

The instantaneous SNR received by the THz link is 
2

T T Th  , and the average SNR of the THz link is 
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, so using T  and T  for variable substitution of hT 

in (13), the PDF of T  can be obtained as [29] 
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By integrating (14), the CDF of T  can be obtained as 
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III. PERFORMANCE ANALYSIS 

A. Outage Probability 

The outage probability refers to the probability that the end-

to-end (E2E) SNR of the communication system is lower than 

the set threshold [30], [31]. Therefore, in the first hop S-R 

hybrid FSO/RF communication system based on adaptive 

combining scheme, when the instantaneous SNR c  of the 

output after adaptive combining is lower than the preset 

outage threshold out , the system is in an outage state, whose 

the outage probability can be expressed as 

cout,AC out c out( ) Pr[ ]P F      .According to (1), the outage 

probability of hybrid FSO/RF communication system based on 

adaptive combining scheme can be expressed as 
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then substituting (17), (7) and (11) into the expression of 
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Considering DF relay, E2E outage probability of hybrid 

FSO/RF-THz relay communication system can be written as 

out out,AC out,T1 (1 ) (1 )P P P       (20) 

where out,TP  denotes the outage probability of the second hop 

R-D THz link, 
Tout,T = ( )P F x . Thus, (20) can also be expressed 

as 
c T c Tout ( )+ ( ) ( ) ( )P F x F x F x F x      , and the outage 

probability of the system can be obtained by substituting (15) 

and (16). 

 

B. Average BER 

According to the definition [32], the average BER of the 

communication system can be expressed as 

e
0

(e | ) ( )dP P x f x x



  , where P(e|x) denotes the conditional 

error probability corresponding to different modulation 

schemes. Therefore, assuming that the multiple phase shift 

keying (MPSK) modulation scheme is adopted, 

(e | ) erfc( )
2

A
P x xB , the average BER of the first hop S-R 

hybrid FSO/RF communication system based on the adaptive 

combining scheme is given by 

ce,AC
0

erfc( ) ( )d
2

A
P xB f x x



    (21) 

where sin(π / )B M ,when M=2(BPSK), A=1; when M>2, 
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A=2. 

By differentiating (16), the PDF of c  can be obtained as 
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where 
th

0
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then, substituting (22) into (21) to obtain 
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Since erfc(x)=1-erf(x), the first term I1 in (24) can be 

expressed as 

th th
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substituting (17) into the expression of I11 in (25) to get 
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therefore, I1 can be obtained by substituting (18) and (26) into 

(25). 

Similarly, the second term I2 in (24) can be expressed as 
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substituting (7) and (23) into the expressions of e,FP , 21I  and 

22I  in (27), respectively, and we get 
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therefore, I2 can be obtained by substituting (8), (28), (29) and 

(30) into (27), and then substituting the derived I1 and I2 into 

(24) to obtain the average BER 
,e ACP  of the first hop S-R 

hybrid FSO/RF communication system based on adaptive 

combining scheme. 

The average BER of the second hop R-D THz link is given 

as 

Te,T
0

= erfc( ) ( )d
2

A
P xB f x x
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           (31) 
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(32) 

Considering DF relay, the E2E average BER of hybrid 

FSO/RF-THz relay communication system can be written as 

e e,AC e,T e,AC e,T= + 2P P P P P             (33) 

thus, the average BER of the system can be derived by 

substituting the obtained (24) and (32) into (33). 

IV. SIMULATION RESULTS 

In order to analyze the performance of the hybrid FSO/RF- 
  

This article has been accepted for publication in IEEE Photonics Journal. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/JPHOT.2024.3353194

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



 

> REPLACE THIS LINE WITH YOUR MANUSCRIPT ID NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 
TABLE I 

SIMULATION PARAMETER SETTINGS  

FSO link RF link THz link 

Parameters Value Parameters Value Parameters Value 

Wavelength λF 1550 nm   Carrier frequency fT 300 GHz 

Photoelectric. conversion η 1 Carrier frequency fR 28 GHz Link distance LT 100 m 

Strong turbulence 2

nC  1×10-12 m-2/3 Link distance LR 500 m Transmit antenna gain Gt,T 55 dBi 

Moderate turbulence 2

nC  1×10-13 m-2/3 Transmit antenna gain Gt,R 44 dBi Receive antenna gain Gr,T 55 dBi 

Turbulence coefficient 

(strong) F F,   
4.7206, 

1.2066 
Receive antenna gain Gr,R 44 dBi Humidity 50% 

Turbulence coefficient 

(moderate) F F,   
5.6137, 

4.0062 
Oxygen absorption αoxy 

15.1 

dB/km 
Atmosphere pressure p 101325 Pa 

Link distance LF 500 m Rain attenuation αrain 0 dB/km Temperature T 296 K 

Receiving aperture ra 20 cm   Jitter standard deviation j,T  5 cm-15 cm 

Jitter standard deviation j,F  5 cm-20 cm     

 

Fig. 2. Outage performance comparison of adaptive combining 

scheme, single-threshold switching scheme and single-link FSO 

system. 

 

THz relay system and verify the accuracy of the analysis 

results, simulations are performed based on the outage 

probability and BER expressions derived in Section 3, and the 

system simulation parameter settings are shown in Table 1. 

Assuming that the average SNR of the FSO link in Fig. 2 - 4 

and 8 is F =  , Fig. 2 - 4 and 8 investigate the outage 

probability and BER performance of the first hop S-R hybrid 

FSO/RF system based on adaptive combining scheme in the 

hybrid FSO/RF-THz relay system; and assuming that the 

average SNR of FSO, RF and THz link in Fig. 5 - 7 and Fig. 

9- 10 is F R T=     , the performance of hybrid FSO/RF-

THz relay system under the influence of different parameters 

is studied in Fig. 5 - 7 and Fig. 9 - 10. 

Fig. 2 compares the outage performance of single-link FSO, 

single-threshold switching scheme and adaptive combining 

scheme under moderate and strong turbulence conditions, 

considering m=1, R =8 dB , F 4.5747  , th =10 dB , 

 
Fig. 3. The relationship between the outage probability and the 

switching threshold of the adaptive combining scheme. 

 

out =3 dB . It can be seen from Fig. 2 that compared with 

moderate turbulence, the outage probability of the system 

under strong turbulence conditions increases, indicating that 

the increase of turbulence intensity will lead to the 

deterioration of the outage performance of the system. At the 

same time, it can be observed from Fig. 2 that the outage 

performance of the adaptive combining scheme system is 

better than that of the single-link FSO and single-threshold 

switching scheme. The main reason for this phenomenon is 

that when the quality of the FSO link deteriorates, the single-

link FSO has no backup link and can only use the FSO link for 

transmission all the time, while the single-threshold switching 

scheme can activate the RF link for transmission at this time, 

but there may be frequent link switching, which reduces the 

system transmission performance. The adaptive combining 

scheme overcomes the drawbacks of both, so it has better 

system performance. 

Fig. 3 shows the relationship curve between the outage 

probability and the switching threshold of the adaptive 
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Fig. 4. The outage performance of the adaptive combining scheme 

under different distributions. 

 

combining scheme, considering 
2 -12 -2/3=1 10  mnC   (moderate 

turbulence), m=2, F =10 dB , F 4.5747  . It can be seen 

from Fig. 3 that when th out  , the system outage probability 

gradually decreases with the increase of the switching 

threshold; when th out  , the system outage probability 

reaches the minimum value, and at this point, the outage 

probability is a constant value. Therefore, in order to obtain 

the optimal outage performance, the switching threshold 

should be set higher than the outage threshold. At the same 

time, increasing the average SNR R  of the RF link can 

improve the system outage performance. This is because as 

R  increases, the RF link quality increases, thus providing a 

better quality backup link for the FSO link. 

Fig. 4 illustrates the outage performance of the first-hop 

hybrid FSO/RF system based on the adaptive combining 

scheme with different FSO and RF distributions, assuming 
2 -12 -2/3=1 10  mnC   (moderate turbulence), m=3, R =8 dB , 

F 4.5747  , th =10 dB , out =3 dB .In addition, the 

parameter value settings of Malaga distribution and κ-μ 

distribution in Fig. 4 can be referred to [33]. From Fig. 4, it 

can be seen that whether the FSO and RF channels follow the 

Gamma-Gamma distribution and Nakagami-m respectively, or 

the Malaga distribution and the κ-μ distribution, the adaptive 

combining scheme can significantly improve the outage 

performance of the system. 

Fig. 5 shows the relationship curve between the average 

SNR and the hybrid FSO/RF-THz outage probability under 

different fading parameters, considering 2 -12 -2/3=1 10  mnC   

(moderate turbulence), F 4.5747  , T 3.4450  , m=1,

out =5 dB . It can be seen from Fig. 5 that as the values of α 

and μ increase, the fading severity of the THz link decreases, 

resulting in an improvement in the outage performance of the 

system. In addition, the outage performance of the system 

under the two sets of parameter settings of {α=1.2, μ=1}, 

 
Fig. 5. The outage probability of the system under the influence of 

different fading parameters. 

 

 
Fig. 6. The outage probability of the system under the influence of 

different pointing errors. 

 

{α=1.6,μ=1}, {α=2,μ=1} and {α=1,μ=1.2}, {α=1,μ=1.6}, 

{α=1.2,μ=2} is compared respectively. It can be observed that 

when the degree of fading is comparable, the outage 

probability of the system when α>μ is lower than that when 

α<μ.  

Fig. 6 shows the curves of the average SNR versus the 

outage probability of the hybrid FSO/RF-THz under different 

pointing errors, assuming F T= =   , 
2 -12 -2/3=1 10  mnC   

(moderate turbulence), m=1, α=3, μ=2, out =5 dB . From Fig. 

6, it can be seen that the smaller the value of pointing error  , 

the greater the impact on the system, resulting in a higher 

outage probability of the system, so increasing the pointing 

error can improve the outage performance of the system. 

However, when the pointing error increases to a certain value, 

continuing to increase the value of the pointing error does not 

have a significant effect on improving the outage performance 

of the system. 

Fig. 7 depicts the relationship between the outage 

probability and the average SNR, the outage performance of 
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Fig. 7. The relationship between system outage probability and 

average SNR. 

 

 
Fig. 8. Comparison of adaptive combining scheme with single-

threshold switching scheme and single-link FSO BER performance. 

 

FSO link, RF link, THz link, first hop adaptive combining 

hybrid FSO/RF system and E2E hybrid FSO/RF-THz relay 

system are studied, considering F 4.5747  , T 3.4450  , 

out =5 dB . It can be seen from Fig. 7 that the outage 

performance of the THz link is the worst in the low SNR 

region. With the increase of the average SNR, the quality of 

the THz link is continuously improved. In the high SNR 

region, the outage performance of the THz link is better than 

that of the FSO link and the RF link. At the same time, it can 

be seen from (20) that the outage probability of the dual-hop 

relay system is determined by the hop with poor outage 

performance. Therefore, the outage performance of the E2E 

hybrid FSO/RF-THz relay system in Fig. 7 is basically 

consistent with that of the second hop THz link. 

Fig. 8 compares the BER performance of single-link FSO, 

single-threshold switching scheme and adaptive combining 

scheme systems under moderate and strong turbulence 

conditions, considering M=2, m=1, R =5 dB , F 4.5747  , 

th =7 dB . From Fig. 8, it can be seen that reducing the 

 
Fig. 9. The average BER of the system under the influence of 

different fading parameters and pointing errors. 

 

 
Fig. 10. The relationship between system average BER and average 

SNR. 

 

turbulence intensity of the FSO link can effectively improve 

the BER performance of the system. At the same time, it is 

also observed that the BER performance of the adaptive 

combining scheme system is better than that of the single-link 

FSO and single-threshold switching scheme under both 

moderate and strong turbulence conditions. 

Fig. 9 shows the relationship between the average SNR and 

the BER of the hybrid FSO/RF-THz under different fading 

parameters and pointing errors, assuming F T= =   , 2

nC  =1×

10-12 m-2/3 (moderate turbulence), M=2, m=1, th =7 dB .From 

Fig. 9, it can be seen that the pointing error parameters   of 

FSO link and THz link, as well as the fading parameters α and 

μ of THz link, all have an impact on the BER performance of 

the system. The smaller the values of α, μ or  , the more 

serious the fading and pointing error of the system are. 

Increasing the value of α, μ or  can reduce the BER of the 

system and improve the communication quality of the system. 
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Fig. 10 shows the average BER versus the average SNR of 

the system, and the BER performance of FSO link, RF link, 

THz link, first hop adaptive combining hybrid FSO/RF system 

and E2E hybrid FSO/RF-THz relay system is studied, 

considering M=2, F 4.5747  , T 3.4450  , th =7 dB . As 

can be seen in Fig. 10, in the low SNR region, the BER 

performance of the E2E hybrid FSO/RF-THz relay system 

remains consistent with that of the THz link until it enters the 

high SNR region, where the BER performance of the E2E 

hybrid FSO/RF-THz relay system is constantly approaching to 

that of the first hop adaptive combining hybrid FSO/RF 

system until the two are basically overlapped, which verifies 

the accuracy of (33). 

V. CONCLUSION 

This paper designs a hybrid FSO/RF-THz relay 

communication system, which uses a hybrid FSO/RF 

communication based on adaptive combining as the backhaul 

network before the relay node, and then connects to users 

through the THz link, which provides users with safe, reliable, 

low latency, and high-speed data transmission. Considering 

atmospheric turbulence and pointing errors in the FSO link, 

and fading and pointing errors in the THz link, the 

performance formulas of the hybrid FSO/RF-THz 

communication system are derived using the obtained 

statistical characteristics of the three links, FSO, RF, and THz. 

The simulation results show that compared with the single-

threshold switching scheme and the single-link FSO system, 

the adaptive combining scheme in the first hop of the relay 

system can provide better system performance, and the 

optimal switching threshold of the adaptive combining scheme 

is obtained. At the same time, by evaluating the performance 

of the hybrid FSO/RF-THz relay system under different fading 

conditions and pointing errors, it is found that both channel 

fading and pointing errors will reduce the system performance; 

in addition, in the high SNR region, the hybrid FSO/RF-THz 

relay system can provide better outage and BER performance. 
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