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Abstract: In [1], we proposed a modified LoRa using two spreading factors (SF’s) in order to independently set the 
frequency difference of adjacent LoRa symbols and the LoRa symbol period, and demonstrated that the use of two 
spreading factors could make it less sensitive to sampling frequency error while enabling low power transmission. In this 
paper, as an extension of [1], we will show that our scheme has also robustness to the Doppler rate through computer 
simulations. 
Keywords: Modified LoRa using two SF’s, LEO satellite, Doppler rate    

 

I. INTRODUCTION 
In recent years, the pace of development of internet of things (IoT) technology has been accelerating, and its application 
areas are continuously expanding. In particular, efforts are being made to mount IoT base stations on low earth orbit 
(LEO) satellites to support a wide area, and long range (LoRa) technology has been studied as a candidate for physical 
layer of LEO satellite IoT communications [2]-[4]. 
 

Because LEO satellites orbit at altitudes of less than 2,000 km above the ground, they have the advantage of lower power 
consumption and relatively shorter propagation delay than geostationary satellites. However, they suffer from Doppler 
shift and Doppler rate due to their fast movement speed [5]. Thus, it is very important to properly compensate the 
Doppler effects in communication systems using low-orbit satellites. 
 

In [1], in order to independently set the frequency difference of adjacent LoRa symbols and the LoRa symbol period, we 
proposed a modified LoRa using two SF’s, one of which is used in the transmission data generation process and the other 
in the LoRa modulation process independently. It has backward compatibility with the conventional LoRa, and is less 
sensitive to sampling frequency error while enabling low power transmission. In this paper, as an extension of [1], we will 
show that our proposed scheme has also robustness to the Doppler rate through computer simulations. 

 

II. Modified LoRa using Two Spreading Factors [1] 
 
In this paper, we consider the LoRa PHY structures described in [1], whose block diagrams are shown in Fig. 1. In the 
conventional LoRa, a spreading factor (SF) is used in both some parts of the transmission data generation process 
(specifically, interleaving and gray indexing) and LoRa modulation. Defining BW  and SF as a system bandwidth and a 
spreading factor of the conventional LoRa system, respectively, a LoRa symbol carries SF  bits information each time and 
is transmitted by changing the starting frequency of the base chirp signal according to the digital information. In order to 

transmit SF  bits information at a time, 2SF
 LoRa symbols should be defined, and their frequency functions can be 

expressed as  

                                        
  ,  ,        0,1, , 2 1SF

k o k
sym

BWf t t f k
T

 
     
 

L
                                                 (1) 

Where k is an LoRa symbol index; ,o kf denotes the starting frequency of the k -th LoRa symbol; symT  represents the 
LoRa symbol period.  
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Since BW  is divided into 2SF
 equal intervals and assigned as the starting frequency of each LoRa symbol, 

, / 2o kf BW k f     where the frequency difference of adjacent LoRa symbols is set at / 2SFf BW  . In addition, in 

order to ensure that LoRa symbols are orthogonal to each other in the symbol interval, the LoRa symbol period, symT  is 

set to 1/ f  (that is, 1/ 2 /SF
symT f BW   ) .  In the modified LoRa (in Fig. 1 (b)), two spreading factors defined as 

DATASF  and MODSF  are used: DATASF  only affects the transmission data generation process; MODSF  only affects the LoRa 

modulation. Since information data is grouped by DATASF  bits and mapped to LoRa symbols in the modified LoRa, 2 DATASF
 

orthogonal LoRa symbols are defined and the frequency difference of adjacent LoRa symbols is set at / 2 DATASFf BW  . 

On the other hand, the LoRa symbol period is independent of DATASF  and is affected only by  MODSF , and thus symT  in the 

modified LoRa is set to 2 /MODSF
symT BW .  

 

 
Fig. 1 PHY layer block diagrams of the conventional LoRa and the modified LoRa using two SF’s [1]. 

 

It was demonstrated in [1] that low-power transmission can be achieved while being insensitive to sampling frequency 

error, by setting MODSF  greater than DATASF  in the modified LoRa. As an extension of [1], we will show here that the 
modified LoRa using two SF’s has also robustness to the Doppler rate.  
 

III. SIMULATION RESULTS 
 

Since we consider the LEO satellite communication environment, it is assumed that the magnitude of the received signal is 
not distorted, and the influence of the Doppler effect is only taken into account here. Thus, the channel phase function 
 t  due to the Doppler effect can be expressed as follows [3]. 

  22
2D ot f t t

      
         (2)                                                                                                                                        

where o is an initial phase, and Df  and   are the Doppler shift and the Doppler rate, respectively. 
 

The LoRa PHY frame is composed of {preamble, PHY header, PHY payload, CRC} [6], and the frame structure used in 
the simulations is described in Fig 2 . The specific simulation parameters are as follows: center frequency is 915 MHz in 
ISM band; channel bandwidth, BW  is set at 125 KHz; the length of PHY payload is fixed at 15 bytes; the code rate is set 

to 4/7—that is, (7,4) hamming code is used. In addition, using the notation of   ,  DATA MODSF SF SF  for the modified 

LoRa using two SF’s, we fixed MODSF  at 12 for low power transmission, while varying DATASF  in  8,10,12 . Here, the 

modified LoRa of  12,12SF   is equivalent to the conventional LoRa of 12SF  . Note that as we reduce the value of 

DATASF  , we can make the frequency difference of adjacent LoRa symbols be larger ( / 2 DATASFf BW  ). In addition, we 

consider the LoRa interleaver in which zero bits are padded to fill it up. Since the Doppler shift, Df  of LEO satellites is 
very large due to the high moving speed of them, it should be estimated and compensated by using the preamble for 
reliable communications. Thus, in this paper, we assume perfect Doppler shift compensation, and only take into account 
the effect of Doppler rate,   in (2).  
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Fig. 2 Frame structure used in the simulations 
 

 

 
 

Fig. 3 FER Performance comparison for both cases of 0   and 20 Hz/s  . 

 
Fig. 4 FER Performance comparison according to Doppler rate (chip SNR = -21 dB). 

 
Figure 3 shows frame error rate (FER) performance comparison between the conventional LoRa and the modified LoRa 
for both cases of 0   and 20 Hz/s  . As expected, the conventional and the modified LoRa’s revealed similar 
performance when the Doppler rate is zero. However, when the Doppler rate is 20 Hz/s , the conventional LoRa 

(  8,12SF   case) does not work—i.e., FER is almost one for all range of SNR.  
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On the contrary, both of the modified LoRa’s (  8,12SF   and  10,12SF   cases) perform well. Figure 4 compares 
FER performances due to the Doppler rate, while the chip SNR was fixed at -21 dB. It can be seen from the results that 

the modified LoRa becomes more robust to the Doppler rate by reducing the value of DATASF . 
 

IV. CONCLUSION 
 

In this paper, as an extension of [1], we demonstrated through computer simulations that we could design the modified 

LoRa to be robust to the Doppler rate by adjusting MODSF  and DATASF , since MODSF  and DATASF  determine, 
independently and respectively, the length of the frame and the frequency difference of adjacent LoRa symbols. Thus, we 
expect that the modified LoRa using two SF’s could be useful for LEO satellite-based IoT applications.  
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