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DSL - Digital Subscriber Line
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We're here to help! If you have any questions about your application, our products,  
or this white paper, contact Black Box Tech Support or 

go to blackbox.eu and click on “Talk to a Tech.”
You'll be live with one of our technical experts in less than 20 seconds. 
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1. History

It was realized as early as the late eighties, early nineties, that conventional data transmission systems did not meet 
the requirements of the growing internet community any more.

POTS, or Plain Old Telephone Service, the traditional telephone service with a narrow frequency range of only 300 
Hz to 3.4 kHz and a maximum transmission rate of 56 kbits/s, is used by analog modems.

ISDN, or Integrated Services Digital Network, operates from 0 to 120 kHz at a transmission rate of 144 kbit/s. Each 
ISDN basic access, the so-called BRI (Basic Rate Interface), consists of two 64 kbit/s B-channels (basic channels) and 
a 16 kbit/s D-channel (control channel). Even the ISDN primary rate access PRI (Primary Rate Interface) provides only 
thirty B-channels and two D-chnnels with a total of 2048 kbits/s.

However, the need for bandwidth exceeds 2048 kbit/s by far

Example: Take an image with a resolution of 1280x1024

That is equivalent to 1 310 720 pixels or 31 457 280 bits at 24-bit colour depth.

To transmit such an image over a 1 Mbit/s interface would take 31 seconds. Statistics suggest that the average 
internet user loses patience if the image takes more than two seconds to build up. A 15.7 Mbit/s interface would 
be needed to transmit this image in two seconds!

The following chart provides information about the approximate bandwidth requirements:

Fig. 1: Bandwidth requirements of common applications

Therefore, the DSL technology (Digital Subscriber Line) has been advanced. The term DSL originated in the ISDN or 
leased line domain. Today, DSL still stands for the connection between the subscriber and an exchange (provider), 
the so-called “last mile“, but for significantly higher speeds, e.g. 16 Mbit/s.
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2. Essential DSL Differences

In DSL technology we distinguish between symmetric DSL and asymmetric DSL.

Asymmetric DSL has different data rates for downstream (provider to subscriber) and upstream (subscriber to pro-
vider) transmission. Asymmetric DSL is used mainly for internet connections (ADSL, ADSL2, ADSL2+, VDSL, VDSL2). 
When talking of “2000“ or “6000“ DSL, we are referring to a (theoretical) downstream speed of 2000 kbit/s or 
6000 kbit/s.

Symmetric DSL has the same rates for downstream and upstream transmission (HDSL, SDSL, MDSL, G.SHDSL, 
VDSL, VDSL2). Symmetric DSL can often be found on the provider side and point-to-point applications (campus-
LAN-environment).

It should be noted that VDSL appears in both variants – but more about this later.

3. The xDSL Family

HDSL (High Bitrate DSL – G.991.1) is a symmetric DSL technology over two or three twisted pair wires and was the 
first DSL variant to be developed. HDSL operates with a fixed transmission rate of 1.544 Mbit/s in the U.S. (in accor-
dance with the T1 specification) and 2.048 Mbit/s in the rest of the world (E1 speed). HDSL first used the 2B1Q line 
code and later CAP (Carrierless Amplitude and Phase Modulation). HDSL cannot be used in parallel with telephony 
over the same lines. Average line range is approx. 5 km.

Fig. 2: Symmetric DSL connection

SDSL (Single Pair – also Single Line or Symmetric – DSL) basically is the two-wire variant of HDSL. SDSL provides 
transmission rates from 192 kbit/s to 2.312 Mbit/s in steps of 64 kbit/s. TC-PAM (Trellis Coded Pulse Amplitude 
Modulation) is used as line code. Average line lengths here are approximately 3.5 km. Like HDSL, SDSL does not 
support the splitter technology and therefore cannot be used in parallel with telephony. SDSL is sometimes also 
called HDSL2.
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MDSL (Multirate DSL) is also a variant of HDSL over a twisted pair wire. MDSL uses CAP line coding. Like SDSL, 
MDSL is not standardized by the ITU (International Telecommunication Union).

SHDSL (Single Pair High Bitrate DSL) is an advancement of SDSL and HDSL. SHDSL is fully standardized according to 
ITU-T Recommendation G.991.2 and is thus also referred to as G.SHDSL. G.SHDSL uses one or more pairs of wires. 
Loop-Bonding is used for four-, eight- or multiwire connections. The maximum transmission rates are 2.3 Mbit/s for 
one pair of wires, 4.6 Mbit/s for two pairs of wires, 9.2 Mbit/s for four pairs of wires, etc. The average range is 
approx. 6 kilometers. G.SHDSL uses TC-PAM 16 line coding (the signal is sampled with 16 discrete levels and trans-
mitted, it is also called 16-level PAM).

G.SHDSL.bis Extension of the G.SHDSL standard. Uses TC-PAM 32 line coding. For shorter distances (up to approx. 
2.5 km) significantly higher data rates can be achieved (5.7 Mbit/s for 2-wire, 11.4 Mbit/s for 4-wire and 22.8 
Mbit/s for 8-wire). At greater distances the G.SHDSL.bis modems automatically revert to the G.SHDSL mode and 
are thus fully compatible with those.

ADSL (Asymmetric DSL – G.992.1/G.992.2) is, as indicated by the name, an asymmetric connection. It uses a higher 
bandwidth downstream (up to 8 Mbit/s) than upstream (up to 1 Mbit/s). This technology is used parallel to the 
existing telephony (POTS or ISDN). A splitter is used that modulates upstream and downstream signals onto the 
existing telephone line through (Frequency Division Multiplexing – each incoming channel is allocated to a certain 
carrier frequency).

The upstream signal occupies the frequency range between 138 and 275 kHz, the downstream signal the range 
between 275 and 1104 kHz. Initially, ADSL used QAM (Quadrature Amplitude Modulation) as line code, today, CAP 
or DMT (Discrete Multi-Tone) is more common. Today, ADSL is the most commonly used connection technology for 
broadband internet access of corporate and home users. ADSL has a range of approx. 6 km to the DSLAM (DSL 
Access Multiplexer) of the ISP, the Internet Service Provider.

Fig. 3: ADSL connection
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ADSL2 / ADSL2+ (G.992.3, G.992.4/G.992.5) are advancements of ADSL. Apart from increased noise immunity, 
they also offer increased bandwidth. ADSL2 provides 12 Mbit/s downstream and 3 Mbit/s upstream, ADSL2+ 24 
Mbit/s downstream and 1.2 Mbit/s upstream. The range for ADSL2 is approximately 3 km, for ADSL2+ it is only 
approximately 1.8 km. This is the reason why DSL providers carry out an availability check before commiting  
themselves to their customers. ADSL2+ also uses the frequency range up to 2.2 MHz.

VDSL (Very High Bitrate DSL – G.993.1) currently is the fastest connection technology. With VDSL, transmission 
rates up to 52 Mbit/s downstream and 1.5 to 2.3 Mbit/s upstream can be achieved. At these high transmission 
rates, ranges are less than 1 km though. The maximum range is approx. 2 to 2.5 km, however, transmission rates 
are at ASDL levels then. As line code, VDSL uses QAM or more frequently DMT. VDSL uses the frequency range up 
to 12 MHz. In the past, VDSL was also referred to as VHDSL. 

VDSL2 (G.993.2) is expected to reach transmission rates of over 100 Mbit/s in future. This will be at the expense of 
range however, which will probably be at approx. 350 m. The increased data rate is achieved by using the frequen-
cy range up to 30 MHz. VDSL2 can operate asymmetrical as well as symmetrical. With regard to HDTV and other 
applications with very high demands to bandwidth, such as for example “Triple Play“ (television, telephony [IP], 
internet), VDSL2 offers the best possibilities. Besides G.SHDSL.bis, VDSL2 is also the future for fast point-to-point 
connections. The collective term VDSL usually refers to both VDSL and VDSL2. VDSL2 uses DMT line code exclusive-
ly. Since VDSL is also capable of transmitting ATM cells, with VDSL building a physical layer that can serve a full ser-
vice ATM network (such as is used by most providers), the future of internet connectivity lies in this technology.

IDSL, CDSL, UDSL and various other DSL variants have lost significance since and shall not be treated in detail here.

4. Line Coding

In digital communication the line code determines in which way the signal is transmitted on the physical channel. 
Thus is determined how the zeros and ones are sent and received.

2B1Q (2 Binary 1 Quaternary) is a line code which 
combines two binary values (2 bits) to form a quater-
nary value (2 bits can be transmitted with four voltage 
levels per step). Thus the baud rate of the line is 
halved.

Fig. 4: 2B1Q
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QAM (Quadrature Amplitude Modulation), a so-called single-carrier band-pass transmission scheme, combines 
amplitude shift keying with phase shift keying. At a constant frequency, phase angle and amplitude of the carrier 
wave are modified together with the digital values. Bits are pooled in groups (4, 8, 16, 32, 64) and modulated with 
four amplitudes in 12 phase angles.

DMT (Discrete Multi-Tone) strictly speaking is not a code but a transmission technology. It is based on the 64QAM 
code. It is a multi-carrier technology, which splits the frequency range available into many small frequency bands. 
The carrier frequency is in the middle of each band. Each band has its own data circuit.

CAP (Carrierless Amplitude-Phase Modulation) combines amplitude and phase modulation. It is a carrierless variant 
of the QAM scheme.

Several voltage levels are made available (e.g. CAP-4 has four voltage levels), which can represent 2 bits each. This 
halves the bit rate compared to a two-level scheme. In a 16-level system (CAP 16), each level can represent a 
sequence of four bits.

TC-PAM (Trellis Coded Pulse Amplitude Modulation) combines Trellis Coding with Pulse Amplitude Modulation. 
Trellis coding adds an additional bit, the so-called CRC polynomial, to a certain number of bits. In four-bit coding, 
the four data bits are coded in five bits. This creates chronological links and serves redundancy. It is also referred to 
as forward error correction. In pulse amplitude modulation, pulses sample the message signals. These  
amplitude-variable pulses are transmitted and reconverted into an analog signal at the receiver. For this modulation 
type, the modulation signal is analog and the carrier signal is a pulse.
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Loop-Bonding
To achieve higher bandwidths with more wires, the loop-bonding scheme (also referred to as inverse multiplexing) 
is commonly used today. The signals to be transmitted are arranged in groups and transmitted in parallel over sev-
eral loops. At the other end the grouping is resolved and the signals combined in the right sequence.

5. DSL-Hardware

A DSL connection always consists of two DSL modems (modem1 at the provider, modem2 at the subscriber). They 
usually operate as transparent bridges or as routers. Modem 1 is configured as CO, modem 2 as CPE. CO, or 
Central Office, is often referred to as master or xTU-C[O] (e.g. ATU-C[O] = ADSL Terminal Unit – Central [Office]; 
VTU = VDSL Terminal Unit). CPE, or Customer Premise Equipment, is also referred to as slave or xTU-R (-R = 
-Remote).

Modern four- or multiwire G.SHDSL modems (e.g. MDS933/MDS954 from BLACK BOX) operate in “1&1-Mode“. 
In this mode, loop A is always configured as slave and loop B is always configured as master. Attention needs to be 
paid that loop A of modem 1 is connected to loop B of modem 2. Therefore no configuration is necessary when 
exchanging a device. This type of connection is also much less interference-prone than a connection where all 
loops on one side are configured as slaves and all loops on the other side are configured as masters.

For connections with several loops, attention needs to be paid that both leads of a loop are twisted together con-
tinuously. NEXT, Near End Crosstalk, may occur if leads of different loops are twisted together even for short dis-
tances. This may lead to the complete termination of the connection.

Modern modems independently negotiate the transmission rate according to the line quality (Rate Adaptive Mode).

When connecting ADSL or VDSL modems via splitter to a provider connection, such a configuration is also not nec-
essary since these modems are always configured as CPE. The provider side is always the CO -side. Usually, the pro-
vider uses a DSLAM (DSL Access Multiplexer). These are usually located at the central office or at a central switch-
ing point. The subscriber lines converge here, therefore a DSLAM is also referred to as COE (Central Office 
Equipment).
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6. DSL-Applications

Internet access is certainly the domain where asymmetric DSL technologies (ADSL, VDSL) find their main applica-
tion. Symmetric DSL technologies (G.SHDSL, VDSL) are perfectly suited to extend an existing intranet and to con-
nect distant business locations and remote stations.

Application examples:

1. A company wants to connect a building that is 400 m away to the corporate intranet, with as high as possible 
bandwidth. As there are only two telephone wires available, a connection over VDSL (e.g. LB300A from BLACK 
BOX) with a maximum of up to 30 Mbit/s is suitable.

2. In a refinery remote tank farms is to be connected to the LAN of the admin building. Twoand four-wire tele-
phone cables are available. The distances vary between 3 and 8 km. Bandwidth requirements are secondary.

A complex network of 2- and 4-wire G.SHDSL modems (e.g. MDS932/ MDS933AE-10BT-R2 from Black Box) is suit-
able here. The four-wire models can also operate in two-channel mode (2 wires each to every distant two-wire 
modem). They thus function as virtual repeaters and a network of star and bus systems emerges.

3. On a campus, a laboratory at approximately 900 m distance is to be connected to the main building with the highest possi-
ble bandwidth. Costs should be kept as low as possible. Because of the cost pressure only an economical alternative to the 
VDSL connection (e.g. MEG101AE from BLACK BOX ) is possible.

Joachim Botsch 
Tech Support Engineer 
Black Box Network Services

Remark: For reasons of understanding, the translations chosen by me are in part analogous. Ranges referred to can vary con-
siderably depending on size and quality of the lines!


