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To transmit high-speed data in LEO (low earth orbit) environments, it is essential for the receiver to easily perform channel 

equalization. Among various transmission schemes, orthogonal frequency division multiplexing (OFDM) and single carrier 
frequency domain equalization (SC-FDE) are widely used communication techniques due to the simplicity of receiver 
equalization [1-2]. Between them, SC-FDE is preferable for its low peak to average power ratio (PAPR) [3]. Military LEO 
communication systems must always be prepared for adversary deliberate radio frequency attacks, known as jamming attacks. 
The most effective jamming signal is a narrowband strong signal. SC-FDE systems, utilizing single-carrier transmission, are 
known to be more vulnerable to wideband interference compared to OFDM systems [4]. 

In this study, a novel approach for mitigating narrowband interference in SC-FDE systems is proposed. The proposed method 
utilizes fast Fourier transform (FFT) to detect and remove interference by recognizing its presence and frequency. If interference 
is detected, its position in the FFT spectrum is set to zero. Although this process enables simple jammer removal, there is one 
issue. If the frequency of the jammer is not an integer multiple of 𝐹𝐹𝑠𝑠/𝑁𝑁, where 𝐹𝐹𝑠𝑠 represents the sampling clock and 𝑁𝑁 represents 
the FFT size, the performance of jammer removal can be significantly degraded. To address this issue, fine frequency shifting is 
proposed before FFT, and this makes the interference frequency become an integer multiple of 𝐹𝐹𝑠𝑠/𝑁𝑁 . Through computer 
simulation, the proposed method is compared with methods that do not perform interference removal and methods that use simple 
FFT for interference removal in environments where interference exists. According to the results, the proposed method exhibits 
the least degradation in receiver performance in environments with interference. 

I. System Model 

 
Fig. 1. System model for transmitter and receiver 

Fig. 1 depicts the transmitter and receiver system model considered in this paper. The transmitted message undergoes 
convolutional turbo code (CTC) encoding and quadrature amplitude modulation (QAM) mapping before performing spread 
spectrum. Spread spectrum is utilized to ensure reception performance against interference signals or to secure reception 
performance in low signal-to-noise ratio (SNR) regions.  

The received signal can be expressed as  

𝑦𝑦(𝑛𝑛) = 𝐱𝐱𝑇𝑇(𝑛𝑛)𝐡𝐡 + 𝑧𝑧(𝑛𝑛)                                                                         (1) 
 

where 𝐡𝐡  is 𝐡𝐡 = [ℎ(0), … , ℎ(𝐿𝐿ℎ − 1)]𝑇𝑇 , a channel vector and 𝐱𝐱(𝑛𝑛)  is 𝐱𝐱(𝑛𝑛) = [𝑥𝑥(𝑛𝑛), 𝑥𝑥(𝑛𝑛 − 1), … , 𝑥𝑥(𝑛𝑛 − 𝐿𝐿ℎ + 1)]𝑇𝑇 , the 
transmitted signal vector. 

II. Proposed Interference Cancellation 
If the received signal is contaminated with a single-tone interference, the received signal can be expressed as  

𝑦𝑦 = 𝐱𝐱𝑇𝑇(𝑛𝑛)𝐡𝐡 + 𝑔𝑔exp�𝑗𝑗2𝜋𝜋𝑓𝑓𝐽𝐽𝑛𝑛𝑛𝑛� + 𝑧𝑧(𝑛𝑛)                                                         (2) 
 

where 𝑓𝑓𝐽𝐽 represents the interference frequency, and 𝑔𝑔 indicates the magnitude of the interference. If we denote the sampling 
frequency as 𝑓𝑓𝑠𝑠(= 1/𝑇𝑇), the interference removal performance deteriorates when 𝑓𝑓𝐽𝐽  is not an integer multiple of 𝑓𝑓𝑠𝑠/𝑁𝑁 . In 
practical environments, such situations are likely to occur frequently, so this problem needs to be addressed. One method proposed 
in this paper to address this issue is to perform fine frequency shifting before interference removal, as shown in Fig. 1, to make 
the interference frequency closer to an integer multiple of 𝑓𝑓𝑠𝑠/𝑁𝑁, and after removing the interference, shifting back by the same 
fine frequency shift to restore the original signal.  



The FFT size for fine frequency estimation is defined as 𝑁𝑁𝑜𝑜 = 𝑃𝑃𝑃𝑃. 𝑃𝑃 is a positive integer greater than 1, denoted as 𝑁𝑁𝑜𝑜 > 𝑁𝑁. 
For precise interference frequency estimation, a larger value of 𝑃𝑃 is preferable. Now, regarding the received signal 𝑦𝑦(𝑛𝑛), 𝑁𝑁𝑜𝑜 −
𝐹𝐹𝐹𝐹𝐹𝐹 is performed. 

𝑌𝑌𝑜𝑜(𝑘𝑘) = ∑ 𝑦𝑦(𝑛𝑛)𝑒𝑒−𝑗𝑗
2𝜋𝜋
𝑁𝑁𝑜𝑜

𝑘𝑘𝑘𝑘𝑁𝑁−1
𝑛𝑛=0 , 0 ≤ 𝑘𝑘 ≤ 𝑁𝑁𝑜𝑜 − 1                                                         (3) 

 
Next, to find the frequency of interference, the maximum value among 𝑌𝑌𝑜𝑜(𝑘𝑘) is identified, and if this value exceeds the 

threshold, it is considered that interference exists. 

𝑌𝑌𝑚𝑚𝑚𝑚𝑚𝑚 = max
𝑘𝑘

|𝑌𝑌𝑜𝑜(𝑘𝑘)|2                                                                               (4) 
𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚 = argmax

𝑘𝑘
|𝑌𝑌𝑜𝑜(𝑘𝑘)|2                                                                             (5) 

 
The maximum value and its position in the spectrum are determined by (4) and (5) respectively, and the presence of 

interference is determined based on the 𝑌𝑌𝑚𝑚𝑚𝑚𝑚𝑚  value. If it exceeds 𝑌𝑌𝑚𝑚𝑚𝑚𝑚𝑚 > 𝜂𝜂𝑚𝑚 , interference is deemed to exist; otherwise, 
interference is considered not to exist. If we denote the fine frequency shift as 𝑓𝑓𝑚𝑚, 𝑓𝑓𝑚𝑚 is determined as  

𝑓𝑓𝑚𝑚 = � mod(𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚 ,𝑃𝑃), 𝑖𝑖𝑓𝑓 mod(𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚 ,𝑃𝑃) < 𝑃𝑃
2

−𝑃𝑃 + mod(𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚 ,𝑃𝑃), 𝑒𝑒𝑙𝑙𝑙𝑙𝑙𝑙
                                                      (6) 

 
where mod(𝐾𝐾,𝑁𝑁) denotes the remainder when 𝐾𝐾 is divided by 𝑁𝑁. The fine frequency shift is performed as follows: 

𝑦𝑦𝑚𝑚(𝑛𝑛) = 𝑦𝑦(𝑛𝑛)exp (−𝑗𝑗2𝜋𝜋 𝑓𝑓𝑚𝑚
𝑁𝑁𝑜𝑜
𝑛𝑛)                                                                    (7) 

 
Frequency fine shifting and interference removal are performed only when interference exists. In the case of interference, the 

fine frequency shift is performed as shown in (6), and interference removal is performed as follows. First, an N-FFT is performed 
on 𝑦𝑦𝑚𝑚(𝑛𝑛). 

𝑌𝑌𝑚𝑚(𝑘𝑘) = ∑ 𝑦𝑦𝑚𝑚(𝑛𝑛)𝑒𝑒−𝑗𝑗
2𝜋𝜋
𝑁𝑁 𝑘𝑘𝑘𝑘𝑁𝑁−1

𝑛𝑛=0 , 0 ≤ 𝑘𝑘 ≤ 𝑁𝑁 − 1                                                  (8) 
 

Afterwards, interference removal is performed by substituting 0 into the spectrum corresponding to the interference frequency. 

𝑌𝑌𝑚𝑚(𝑘𝑘) = 0 𝑖𝑖𝑖𝑖 |𝑦𝑦𝑚𝑚(𝑘𝑘)|2 > 𝜂𝜂                                                                    (9) 
 

The magnitude of interference is defined by the signal-to-interference ratio (SIR). A larger interference results in a smaller 
SIR, while a smaller interference leads to a larger SIR. 

𝑆𝑆𝑆𝑆𝑆𝑆 =
∑ |ℎ(𝑙𝑙)|2𝐿𝐿ℎ
𝑙𝑙=0

|𝑔𝑔|2
                                                                               (10) 

 
Fig. 2       demonstrates the bit error ratio (BER) performance when the SIR is 5 dB. In the simulation, the interference frequency 

is randomly  generated  within  the signal  bandwidth.  Despite  the power  of the received  signal  being  greater  than  that  of the 
interference,  failure  to  remove  interference  results  in  a BER  floor.  However,  when  interference  is removed,  the  BER 
performance improves. It can be observed that without fine frequency shifting, the BER floor still occurs. Conversely, applying 
the proposed method eliminates the BER floor, and this effect becomes more pronounced with significant spreading gain

            
                    

                    
                  

                 
      

.
 

 
Fig. 2. BER performance for SIR = 5 dB 
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