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Abstract— Layered division multiplexing (LDM) was 

introduced into the physical layer of Advanced Television Systems 
Committee (ATSC) 3.0 broadcasting system, where two-layer 
LDM is used as a standard. The LDM system provides more 
frequency efficiency than the existing single layer system. To 
increase the efficiency of LDM, we consider a three-layer system 
by adding more blocks to the ATSC 3.0 system. Through 
simulation, the bit error rate (BER) performance for each layer of 
the three-layer LDM is analyzed in various situations. We 
compare the BER performance for each layer of the three-layer 
LDM with injection levels in additive white Gaussian noise 
(AWGN). 

Keywords—Layered division multiplexing (LDM); digital 
terrestrial broadcasting; ATSC 3.0 

I.  INTRODUCTION 

In the field of broadcasting and communication, as the 
demands for high quality contents increase, various researches 
have been carried out in order to increase the radio frequency 
(RF) spectral efficiency [1-2]. In recent years, researches on 
layered division multiplexing (LDM) system, one of studies for 
increasing spectral efficiency, have been actively conducted [3]. 
An extension of Cloud Transmission system [4], the LDM is a 
frequency overlay technique for transmitting several data 
streams on one RF channel. The LDM system provides higher 
transmission efficiency than the time division multiplexing 
(TDM) or frequency division multiplexing (FDM) system. In the 
Advanced Television Systems Committee 3.0 (ATSC 3.0) [5], 
the next generation terrestrial broadcasting standard, a two-layer 
LDM system was adopted as a physical layer. Figure 1 shows 
the spectrum of two-layer LDM. The power of the lower layer 
(LL) is smaller than the power of the upper layer (UL) by the 
injection level. As an example of the use of the two-layer LDM, 
the upper layer provides a high definition (HD) mobile service 
using a robust modulation scheme. The lower layer provides the 
ultra high definition (UHD) service in fixed reception using 
dense modulations [3]. 

Currently, studies on the two-layer LDM system have been 
actively conducted but it is expected that additional layers are 
needed to provide various services at a limited frequency. To go 
over the possibility of the use of additional layers, we consider a 
three-layer LDM system and simulate it in additive white 

 

Fig. 1. Spectrum of two-layer LDM signal  

 

 

Fig. 2. Transmission block diagram of a two-layer LDM system

 

Gaussian noise (AWGN) channel and analyze the bit-error rate 
(BER) performance according to SNR by changing the injection 
level.
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Fig. 3. Reception block diagram of a two-layer LDM system.

 

II. LDM SYSTEM 

A. Two-layer LDM [3] 
The LDM system transmits multiple signals in one RF channel 
using different power levels, error correction techniques, and 
modulation schemes. In the case of a two-layer LDM, a signal 
with a higher power level is called an upper layer (UL), and a 
signal with a lower power level is called a lower layer (LL).The 
UL signal uses the same or more robust modulation scheme and 
error correction techniques than the LL signal. For example, if 
UL is 4QAM, LL can be 16QAM or high order modulation.  In 
general, UL signal using a robust modulation are targeted at 
mobile devices,  and LL signal using a high order modulation is 
targeted for fixed reception devices. 

Figure 2 shows the transmission block diagram of the 2-layer 
LDM system. As shown in figure 2, the two signals are 
combined into a single signal after each BICM is applied. The 
transmitted signal can be expressed as follows: 

                          (1) 

where  is transmission signal,  and  are UL signal and 
LL signal, respectively.  is factor of the power normalization. 

Assuming that the channel is not affected and is free of noise, 
the received signal is equal to . First, in order to demodulate 
the UL signal, the receiver stores  in a buffer and 
demodulates  as shown in figure 3. Then, in order to 
demodulate the LL signal, the demodulated UL signal is 

 

Fig. 4. Transmission block diagram of a three-layer LDM system 

 

remodulated and multiplied by the power normalization factor 
, and them removed from the buffer signal. This signal can be 

expressed as follows: 

                      (2) 

Finally, the LL signal can be obtained by demodulating the 
signal . 

B. Three-layer LDM 
The three-layer LDM system is an extended concept of two-

layer LDM system. In the case of three-layer, each layer is 
defined as an upper layer, a middle layer (ML) and a lower layer 
in order from the highest power level. The process of three-layer 
LDM modulation is shown in figure 4. The modulation process 
of the three-layer LDM is similar to the two-layer LDM. First, 
the LL signal and ML signal are superimposed in the same 
process as the two-layer LDM. This modulated signal can be 
expressed as follows:

,  (3) 

where  is middle layer signal,   is a signal in which 
 and  are superimposed,  is injection level between 
 and ,  is normalization factor of . 

In the same way,  and UL signal are superimposed. 
This superimposed signal can be expressed as follows: 
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Fig. 5. Reception block diagram of a three-layer LDM system 
 

                 (4) 

where  is transmission signal,  is injection level between 
 and ,  is normalization factor of . 

After the three-layer LDM signal  is generated, the 
signal is transmitted over the air. If the transmitted signal is 
applied to an AWGN channel, the received signal  is as 
follows: 

  (5) 

where  is noise with a Gaussian distribution.. 

The demodulation process of the three-layer LDM is similar 
to the two-layer LDM. The process of three-layer LDM 
demodulation is shown in figure 5. First, in order to demodulate 
the UL signal, the receiver stores  in a first buffer and 
demodulates . The demodulated UL signal is remodulated 
and multiplied by the power normalization factor , and them 
removed from the first buffer signal. This signal can be 
expressed as follows: 

TABLE 1 SIMULATION PARAMETERS 

QAM 
Mode FFT Size Guard 

Interval Bandwidth 

UL 4 

16k 1/8(2k) 8MHz ML 4 

LL 64 

 

  (6) 

Next, in order to demodulate the ML signal, the same process 
as that for demodulating the receiver stores  in a 
second buffer and demodulates . Next, in order to 
demodulate the LL signal, the demodulated ML signal is 
remodulated and multiplied by , and them removed from 
the second buffer signal. This signal can be expressed as follows: 

                (7) 

Finally, the LL signal can be obtained by demodulating the 
signal . 

III. SIMULATION RESULT 

We analyzed the BER performance for each layer of the 
three-layer LDM in an AWGN channel. The common 
parameters used in the simulation are summarized in Table 1. In 
figure 6 and figure 7, the solid lines represent

, the dotted lines is  . 

Figure 6 shows the simulation result of BER for each layer 
according to the injection levels. The code rates of UL, ML, and 
LL are 1/3, 1/2, and 2/3, respectively. For the desirable BER of 

, the required SNR of UL and ML decreased by 1.1 dB and 
0.9 dB when the injection level increases. On the other hand, the 
required SNR of LL increased by 1.4 dB despite the increase in 
injection level. 

Fig. 7 shows the simulation results for different code rates 
from that of Fig. 6. The code rate of each layer slightly decreased 
to 1/4, 1/3, and 3/5. For the BER of  , the required SNR of 
UL and ML decreased by 0.8 dB and 0.1 dB when the injection 
level increases. On the other hand, the required SNR of LL also 
increased by 1.3 dB despite the increase in injection level. 

 When the code rate of each layer was reduced, the required 
SNR of each layer was also reduced. The required SNR of UL 
and LL was reduced by 1.7 dB, 0.8 dB, and the required SNR of 
ML is greatly reduced by about 4.3 dB. Compared to ML in Figs. 
6 and 7, the required SNR was not substantially reduced at low 
code rate despite the increase in injection level. However, at high 
code rate, the required SNR is greatly reduced. 

IV. CONCLUSION 

We extended the layer of LDM from two layers to three 
layers to further increase the frequency efficiency and compared 
the BER performance for each layer of three-layer LDM 
according to code rates and injection levels. Simulation results 
show that the lower the code rate becomes, the better the 
performances of all layers are improved, especially in ML. 
When the code rate is fixed, the required SNRs of UL and ML 
decrease and that of LL increases when the injection level 
increases. In the case of ML, the required SNR decreases more 
at the lower code rate than at the higher code rate. 
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Fig. 6. BER performance of three-layer LDM in code rate of each layer  

             (UL : 1/3, ML : 1/2, LL : 2/3) 

 

 
Fig. 7. BER performance of three-layer LDM in code rate of each layer  

             (UL : 1/4, ML : 1/3, LL : 3/5) 
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