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Abstract: The objective of Digital Subscriber Line (DSL) is to propagate signal from the transmitter to the receiver 

over telephone lines. In communication industry Asymmetric Digital Subscriber Line (ADSL) is widely used because it 

can handle both phone services and internet access services at same time. As the communication industry develops, its 

main concern is to maximize the user handling capacity of communication systems. For this purpose, ADSL uses 

Discrete Multitone (DMT) modulator with QAM bank. But as the number of users increases the system complexity and 

interference also increases. The communication channel is not free from the effects of channel impairments such as 

noise, interference and fading. These channel impairments caused signal distortion and Signal to Ratio (SNR) 

degradation. One method that can be implemented to overcome this problem is by introducing channel coding. Channel 

encoding is applied by adding redundant bits to the transmitted data. The redundant bits increase raw data used in the 

link and therefore, increase the bandwidth requirement. So, if noise or fading occurred in the channel, some data may 

still be recovered at the receiver. While at the receiver, channel decoding is used to detect or correct errors that are 

introduced to the channel. 

 

Keywords: DSL, ADSL, DMT, BER 

 

I. INTRODUCTION OF ADSL 

 

Digital Subscriber Line (DSL) is a family of technologies that are used to transmit digital data over telephone lines. In 

telecommunications marketing, the term DSL is widely understood to mean Asymmetric Digital Subscriber Line 

(ADSL), the most commonly installed DSL technology, for Internet access.  DSL service can be delivered 

simultaneously with wired telephone service on the same telephone line since DSL uses higher frequency bands for 

data. On the customer premises, a DSL filter on each non-DSL outlet blocks any high-frequency interference to enable 

simultaneous use of the voice and DSL services[5].  

The bit rate of consumer DSL services typically ranges from 256 kbit/s to over 100 Mbit/s in the direction to the 

customer (downstream), depending on DSL technology, line conditions, and service-level implementation. Bit rates of 

1 Gbit/s have been reached.  In ADSL, the data throughput in the upstream direction (the direction to the service 

provider) is lower, hence the designation of asymmetric service. In Symmetric Digital Subscriber Line (SDSL) services, 

the downstream and upstream data rates are equal. Researchers at Bell Labs have reached speeds over 1 Gbit/s for 

symmetrical broadband access services using traditional copper telephone lines, though such speeds have not yet been 

deployed elsewhere[9]. 

DSL (Digital Subscriber Line) is a modem technology that uses existing telephone lines to transport high-bandwidth 

data, such as multimedia and video, to service subscribers. DSL provides dedicated, point-to-point, public network 

access. This DSL connection is typically between a Network Service Provider (NSP) central office and the customer 

site, or on local loops created either within buildings or campuses. DSL draws significant attention from implementers 

and service providers [15]. This is because it delivers high-bandwidth data rates to dispersed locations with relatively 

small changes to the existing telecommunications infrastructure. 

DSL is a communications medium used to transfer digital signals over standard telephone lines. Along with cable 

Internet, DSL is one of the most popular ways ISPs provide broadband Internet access. When user make a telephone 

call using a landline, the voice signal is transmitted using low frequencies from 0 Hz to 4 kHz. This range, called the 

"voiceband," only uses a small part of the frequency range supported by copper phone lines. Therefore, DSL makes use 

of the higher frequencies to transmit digital signals, in the range of 25 kHz to 1.5 MHz. While these frequencies are 

higher than the highest audible frequency (20 kHz), then can still cause interference during phone conversations. 

Therefore, DSL filters or splitters are used to make sure the high frequencies do not interfere with phone calls as shown 

in Figure 1. 

Symmetric DSL (SDSL) splits the upstream and downstream frequencies evenly, providing equal speeds for both 

sending and receiving data. However, since most users download more data than they upload, ISPs typically offer 
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Asymmetric DSL (ADSL) service. ADSL provides a wider frequency range for downstream transfers, which offers 

several times faster downstream speeds. For example, an SDSL connection may provide 2 Mbps upstream and 

downstream, while an ASDL connection may offer 20 Mbps downstream and 1.5 Mbps upstream. 

 

 
Figure 1. Digital Subscriber Line. 

 

In order to access the Internet using DSL, you must connect to a DSL Internet Service Provider (ISP). The ISP will 

provide you with a DSL modem, which you can connect to either a router or a computer. Some DSL modems now have 

built-in wireless routers, which allows you to connect to your DSL modem via Wi-Fi. A DSL kit may also include a 

splitter and filters that you can connect to landline phones [19]. 

 

II. SYSTEM MODEL OF ADSL WITH DMT 

 

The physical layer of ADSL uses a multicarrier modulation technique known as Discrete Multitone (DMT). A DMT 

system transmits data on multiple subcarriers in a manner very similar to the orthogonal FDM (OFDM) technique that 

is used in many wireless applications. A DMT modulator takes in N data symbols in parallel and transmits the symbols 

on N subcarriers. The data rate on each subcarrier is 1/N the original data rate [8].  

 

Reducing the data rate results in a DMT symbol period that is N times as long as the original symbol period. Increasing 

the symbol period can make the symbol longer than the time span of the channel. This situation can make it easier to 

combat the effects of intersymbol interference. The DMT signal is formed by using an Inverse Fast Fourier Trans-form 

(IFFT) to generate orthogonal subcarriers at the transmitter. The data symbols at the transmitter are treated as being in 

the frequency domain and act as complex weights for the basis functions (orthogonal sinusoids at different frequencies) 

of the IFFT. The IFFT then converts the data symbols into a time-domain “sum of sinusoids” signal [9]. The block of 

IFFT output samples is known as a DMT symbol. This time-domain signal is transmitted across the channel, and an 

FFT is used at the receiver to bring the signal back into the frequency domain. 

 

A 2N-point IFFT is used to generate the DMT symbol, and the N negative-frequency IFFT bins are the complex 

conjugate of the N positive-frequency bins. This symmetric spectrum results in a real time-domain signal. The DMT 

signal is centered at DC with the subcarriers around DC zeroed out (not used) to create a hole in the DMT spectrum in 

order to make room for the POTS spectrum. DMT is thus a true baseband system. DMT supports inclusion of a cyclic 

prefix. A cyclic prefix is a block of samples with a length LP, that is a replica of the last LP samples of the DMT 

symbol. The prefix is then transmitted first, followed by the 2N samples of the DMT symbol. The length LP is chosen 

such that it will be longer than the length of the channel response. The cyclic prefix contains redundant information. 

However, the DMT receiver exploits the presence of the prefix in order to mitigate the effects of the channel. The use of 

the cyclic prefix will be described in further detail in the Impairments section [4].  

 

The dynamic bit allocation technique allows DMT to make efficient use of the available channel capacity. This 

technique enables the system to vary the number of bits per symbol for each subcarrier based on the subcarrier's Signal-

to-Noise Ratio (SNR). Subcarriers with a low SNR transmit Binary Phase-Shift Keying (BPSK) or Quadrature PSK 

(QPSK) because they are robust modulation formats. If the subcarrier's SNR is very low, that subcarrier will not be used 

to transmit data at all. Subcarriers with a higher SNR transmit higher-order Quadrature Amplitude Modulation (QAM) 

in order to achieve an increased throughput.  

 

DMT is a multi-carrier process, it divides the frequency band assigned to it into many subchannels. With ADSL there 

are up to 256 carrier frequencies for data, each with a bandwidth of 4.3125 kHz. The bit information is modulated onto 

the individual carriers by QAM, such as 4-QAM (QPSK) or 16-QAM. The serial data stream that is to be transmitted is 

combined into a number of bits at DMT and mapped onto complex sub-symbols that are sent in parallel on these 

carriers. To do this, they are simultaneously modulated onto the available carriers, whose sum signal is then sent [9].  

 

DMT is based on the same principles as Orthogonal Frequency Division Multiplexing (OFDM). In contrast to OFDM, 

with DMT the individual carriers can be operated with different spectral efficiency . In other words, with the same 

symbol rate of all carriers, the number of bits coded per symbol can be changed per carrier. For example, a 16-QAM 
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with 4 bits per symbol can be used in channels with a good Signal-To-Noise Ratio (SNR), whereas only a 4-QAM with 

2 bits per symbol is used on carrier frequencies with poor SNR.  

 

In extreme cases with very poor SNR, individual carriers can also be completely blocked. It is necessary to negotiate 

which channels use which bit rate (in this case e.g. 128-QAM) or not, since constellation diagrams are not compatible 

with lower ones and even if they were, the purpose of error avoidance would not be fulfilled. If it is no longer possible 

to negotiate (e.g. due to a very bad SNR), the connection is broken and re-established. When connecting, a low bit rate 

is often used first to avoid errors when establishing the connection [2]. Another advantage of DMT is that the carriers 

can be set with different levels of transmission power. This makes it possible to compensate for the non-ideal frequency 

response of concrete telephone lines 

 

 
Figure 2. Example of DMT with 256 Channels. 
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III. ADSL PERFORMANCE ANALYSIS 

In the performance analysis of ADSL system the transmitted signal, received signal and bit error rate of the systems are 

analyzed. 

 

 
Figure 3. Transmitted Signal of ADSL Before DMT Modulator. 

 

 
Figure  4. Transmitted Signal of ADSL   

 

 
Figure 5.  Received Signal of ADSL 
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Figure 6.  Received Signal of ADSL after DMT Demodulator 

 

The Figure shows the transmitted and received signal of ADSL system. To plot these signals spectrum scope is used. 

The Spectrum Scope block computes and displays the periodogram of the input. From the plot of transmitted and 

received signal it is clear that the received signal is so much distorted as comparison to transmitted signal due to 

channel.  The simulation results are plotted in term of the performance of ADSL system that is transmitted, received 

signal.  

 

IV. CONCLUSION 

 

An alternative technique based on DMT was introduced. The new model is important to minimize the BER in the 

standard ADSL. The proposed and standard models are simulated using Matlab software. A gain was obtained from the 

proposed model relative to the standard model at the AWGN channel. In the presence of impulse noise, the BER for 

both models was increased but the proposed model has less BER than the standard model in all range of SNR. So the 

proposed model can be considered as an alternative technique to the standard one. 
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