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This chapter is designed to provide the student with basics of line coding, xDSL and transfer modes.

OBJECTIVES:

Upon completion of this chapter the student will be able to:

· List three reasons for introducing line codes

· State one digital subscriber loop technique being used in the access part of some PLMNs

· State one digital standard that was introduced February 2001 and its predecessor

Explain the difference between connection-oriented and connectionless transfers, slotted/unslotted and label/position multiplexing/switching
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lıne codes

There are mainly three reasons for introducing different line codes in digital communication lines. These are:

· To recover a good clock from incoming signal. In order to get better synchronization characteristics, incoming signal should not have long sequence of ones or zeros. 

· To remove the DC-component formed by the nonzero average of ones and zeros in the line. Due to the presence of line transformers at both ends of a subscriber loop the existence of a DC-component in the transmit signal is not desirable, as it can not be transmitted. 

· To reduce the bandwidth required transferring the information. This reduction of baud (symbol per second) and therefore bandwidth is especially interesting for a low-pass transmission channel such as a twisted pair telephone line.

There are so many line codes used in different applications, depending on the system requirements. Some of these line codes are:

· CMI: Coded Mark Inversion

· AMI: Alternate Mark Inversion

· HDB3: High Density Bipolar with maximum three consecutive zeros

· B8ZS: Bipolar 8 Zero Substitution 

· 2B1Q: 2 Binary 1 Quaternary

· 4B3T: 4 Binary 3 Ternary

· TC-PAM: Trellis Coded Pulse Amplitude Modulation

· DMT: Discrete Multi-Tone

· QAM: Quadrature Amplitude Modulation

 More detailed explanation on CMI, AMI and HDB3 are given in the following figures.

CMI

Coded Mark Inversion is used in electrical signals above 140 Mbps. These signals can be electrical ETSI PDH 140 Mbps (E4) and SDH 155 Mbps (STM-1). Figure 3-1 shows the principle of CMI. The main rules applied are:

Rule 1: A binary “0” is indicated by a positive transition in the middle of a unit interval.

Rule 2: A binary “1” is indicated by a pulse over the whole unit interval with alternate polarity compared to the last “1” that has been transmitted before.
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AMI

Alternate Mark Inversion is used in electrical ANSI 1.5 Mbps (T1). Rule for this coding is:

Rule 1: Binary “1” values are coded alternately as +1 and –1. 
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The consecutive binary “0” values are still group, thus clock extracting is difficult. Line code B8ZS (Binary 8 Zero Substitution), used as an alternative for electrical ANSI 1.5 Mbps signals, solves clock extraction problem. Figure 3-2 shows AMI coding principle with an example.

HDB3

The HDB3 code, used for electrical ETSI PDH 2, 8, 34 Mbps, is shown in Figure 3-3. It is similar to the AMI code, but two additional rules are introduced to fix the problem with long “0” sequences:

Rule 1: If a sequence of 4 consecutive zeros is to be transmitted, the 4th zero is replaced by a Mark Pulse, but with the wrong polarity, i.e. a pulse that violates the AMI rule. This makes it easy for the receiver to distinguish between real marks and substitutes.

Rule 2: The Violation Marks have to have alternating polarity, in order to avoid DC. If a Violation Pulse, introduced according to rule 1, would have the same polarity as the previous one, an auxiliary Mark Pulse (that follows the AMI rule) is introduced at the position of the first zero in the group of 4. Long “0” sequences are split up into such groups of 4.
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Some other types of line codes are used in (not all of them):

· B8ZS is for T1

· 2B1Q is for ISDN, HDSL and SDSL

· 4B3T is for ISDN

· TC-PAM is for SHDSL and HDSL2

· DMT is for ADSL and VDSL

· QAM is for VDSL

xdsl SYSTEMS

xDSL is a general name for Digital Subscriber Line systems. The acronym DSL was originally used to refer to narrowband or Basic-rate Access transmission for the Integrated Services Digital Network (ISDN-BA). The main idea behind DSL systems is to make better use of the capacity of the existing infrastructure (copper lines). The use of DSL systems in the access network results in longer transmission range that considerably reduces the need for regenerators, thus cutting the investment costs and cost of operation and maintenance. Among different types of DSL systems, some widely used ones are:

· HDSL: High speed DSL

· SHDSL: Single-pair High speed DSL

· ADSL: Asymmetric DSL

· SDSL: Single line DSL

· VDSL: Very high data rate DSL

Basic specifications of these systems are given in Table 1. Note that not all specifications are given.

	DSL Type
	Max. Downstream Speed (Mbps)
	Max. Upstream Speed (Mbps)
	Max. Distance (repeaterless) (km)
	Main Applications
	No. of telephone lines required
	Line Code

	HDSL
	2.3
	2.3
	5
	LAN, WAN
	2 or 3
	2B1Q

	SHDSL
	2.3
	2.3
	4.5
	LAN, WAN, Voice over DSL
	1 or 2
	TC PAM

	ADSL
	8
	0.768
	5
	Multimedia, Internet access, Video-on-Demand
	1
	DMT

	SDSL
	0.768
	0.768
	4
	LAN, WAN
	1
	2B1Q

	VDSL
	52
	2.3
	1.5
	Full Service Access Network, ATM, Video
	1
	QAM


Table 1 Basic specifications of some xDSL systems

HDSL

HDSL technology is symmetric, providing the same amount of bandwidth upstream as downstream.  HDSL is the most mature of the xDSL technologies. Due to its speed of 1.5 Mbps over two copper pairs and 2 Mbps over three pairs, telecommunication companies commonly deploy HDSL as an alternative to repeatered T1/E1. Although HDSL's nearly 5 km operating distance is shorter than ADSL's, phone companies can install signal repeaters to cost-effectively extend its useful range. HDSL2, derived from the original HDSL, has TC-PAM coding and can work on single-pair. 

SHDSL

SHDSL is a variation of SDSL, which requires only a single. It delivers standards-based, high-speed, symmetric DSL over a single copper pair. SHDSL is based on the G.shdsl standard established by ITU-T. SHDSL generates speeds of 2.3 Mb/s upstream and downstream

Typical applications of SHDSL are multiple voice-line delivery, Internet access and remote LAN access. For business customers SHDSL provides high speed of T1/E1 transmission, leased line services, and guaranteed performance for high bandwidth, for critical applications, such as voice, video, and data.

ADSL 

ADSL technology is asymmetric.  It allows more bandwidth downstreamed than upstream. This asymmetry, combined with always-on access (which eliminates call setup), makes ADSL ideal for Internet surfing, video-on-demand, and remote local area network (LAN) access because users of these applications typically download much more information than they send.  Downstream, ADSL supports speeds between 1.5 and 8 Mbps; upstream, the rate is between 640 Kbps and 1.5 Mbps. ADSL can provide 1.5 Mbps transmission rates at distances of up to 5 km over one wire pair.  Figure 3-4 shows a typical ADSL application; Video-on-Demand (VoD).
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SDSL 

Like HDSL, SDSL supports symmetrical TI/E1 transmissions, but SDSL differs from HDSL in two important ways: it uses a single copper pair wire, and it has a maximum operating range of around 4 km. Within its distance limitation, SDSL is capable of accommodating applications that require identical down-stream and upstream speeds, such as video conferencing or collaborative computing. 

VDSL 

VDSL technology is the fastest xDSL technology, supporting a downstream rate of 13 to 52 Mbps and an upstream rate of 1.5 to 2.3 Mbps over a single copper-pair wire. Symmetrical operation is possible for a maximum data rate of 26 Mbps. VDSL can be viewed as a cost-effective alternative to fiber to the home.  However, the maximum operating distance for this asymmetric technology is only 300 m to 1.5 km from the central office; this distance can be extended by running fiber optic cable from the central office to an optical network unit and copper from that point to the user location up to 1.5 km away.  VDSL is in the requirements and standards definition stage. 
 

transfer modes

The term "Transfer Mode" is relatively new. The definition of a transfer mode is: “Aspects covering multiplexing, switching and transmission in a telecommunications network.” Switching, multiplexing and transmission are all intimately associated with one another, but will be described one by one in the following.

MULTIPLEXING

Multiplexing is a method for letting several streams of information shares a physical transmission medium.

Multiplexing can be split into two groups:

· Position multiplexing

· Label multiplexing

Position multiplexing

In position multiplexing, the available transmission capacity is divided into time slots. A time slot can for example contain 8 bits from a speech sample in a telephone connection. Position multiplexing means that each time slot is reserved for a specific connection, and that time slots belonging to a specific connection are transmitted at regular intervals in time in what is termed a “frame”. This means that if the sender in the connection is silent, an empty time slot is sent. Position multiplexing is shown in Figure 3-5.
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Label multiplexing

In label multiplexing, the available transmission capacity is shared by several connections just as in position multiplexing, except that no connection has its own reserved capacity. The information is cut into packets with labels. The packets are sent on an as-needed basis, that is, when a large bandwidth is needed, a large number of packets are sent; when the sender in the connection is silent, nothing is sent. This means that packets belonging to a particular connection are not necessarily transmitted at regular intervals in time. A connection is identified by the label (often called the header) on the packet. Figure 3-6 shows the structure of label multiplexing.
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SWITCHING

Switching is essentially the rearrangement of information from a physical input to a physical output, taking into consideration the multiplexing technique used. Switching is divided into:

· Circuit switching

· Packet switching

Circuit switching

Packet switching is employed in networks that use label multiplexing. The switching is based on the packet label (header). The header determines to which outgoing link the packet should be sent. Packet networks can be either connection-oriented or connectionless. Figure 3-7 shows how circuit switching works in a network.
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Packet switching
Packet switching is employed in networks that use label multiplexing. The switching is based on the packet label (header). The header determines to which outgoing link the packet should be sent. Packet networks can be either connection-oriented or connectionless. The operation of packet switching is demonstrated in Figure 3-8.
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In connection-oriented networks, all of the packets belonging to a specific connection are routed the same way through the network. A connection is set up before transmission of the information can be performed. This maybe done by first sending a set-up packet with the complete destination address. In each node it passes address information is stored in the form of a logical channel number. In this way, a virtual (logical) connection is established. This connection is demonstrated in Figure 3-9 as the connection on the upper part of the network. Note that LCN in front of the packet stands for Logical Channel Number. During the transmission, only the logical channel number needs to be sent with each packet in the header. When the call is over, the connection is torn down by removing the address information from the nodes. 

In connectionless networks, the complete destination address must be sent with each packet and each packet finds its own way through the network.
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TRANSMISSION ASPECTS
Transmission aspects of a transfer mode depend strongly on switching and multiplexing techniques used. A transfer mode can organize the information it is transferring in a slotted or unslotted manner. Figure 3-10 shows these two transmission modes. 

If the transfer mode is slotted, then the bit stream to be transmitted is divided into slots, in other words, segments of a constant size. An example of a slot is a time slot in a PCM frame. Another example of slotted transmissions is in ATM, where the constant cell flow can be seen as a flow of slots. In this case, however, cells with information from a specific connection do not appear regularly in the cell flow. The fact that the transmitted bit stream is segmented in time results in a need for synchronization.

If the transfer mode is unslotted, the information is packed into packets with varying length, as needed.
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BRIEF DESCRIPTION OF VARIOUS TRANSFER MODES

Table 2 tabulates transfer modes according to their switching, multiplexing and slotting methods.
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Table 2 Comparison of transfer modes

Circuit mode

The definition: Circuit transfer mode or circuit mode is a transfer mode in which transmission and switching functions are achieved by permanent allocation of channels/bandwidth between the connections.

More clearly, circuit mode is a transfer mode that is circuit switched, position multiplexed and slotted. When a connection has been set up, it has a fixed bandwidth during the whole call.

This technique can be used for all types of service although it is optimized for telephony. Data can be transmitted in circuit mode using a modem. There is no error detection in circuit mode.

Packet mode

The definition: Packet transfer mode or packet mode is a transfer mode in which transmission and switching functions are achieved by packet-oriented techniques, so as to dynamically share network transmission and switching resources between a multiplicity of connections. 

Packet mode is connection-oriented, packed switched and unslotted. X.25 is a protocol for packet mode. Packet mode gives you flexible bandwidth, by using unslotted transmission. But since packets of variable length are used, only data can be sent using packet mode. X.25 is very reliable and can be used on poor quality links since it has error checking link-by-link. This means that each packet is checked for errors in each node and if an error is discovered, retransmission of the packet is requested from the previous node. This however also makes X.25 slow. It works at 64 kbps.

Frame mode (Frame Relay)

Frame mode is connection-oriented, packet switched and unslotted. Frame Relay is the technology that uses frame mode.

Frame Relay is available at higher speeds than X.25. This is partly due to the fact that errored frames discovered in the nodes are thrown away - it is up to the end user to request retransmission of the data. Of course this requires physical links of a very good quality, for example optical fiber. Another factor that makes Frame Relay faster than X.25 is that it is hardware-switched, that is, no software is involved in the switching in the nodes.

Cell mode (ATM)

ATM (Asynchronous Transfer Mode) is connection-oriented, packet switched and slotted. It can be used for voice, video or data and can provide the end user with an arbitrary, variable bit rate. ATM is very fast for much the same reason as Frame Relay, that is, because errored cells discovered in the nodes are thrown away - it is up to the end user to request retransmission and because it uses hardware-switching. The fact that cells of fixed size are used in a continuous cell stream also makes it possible to handle the cells at much higher speed than the packets in X.25 or Frame Relay. ATM is clearly connection-oriented, although no periodic time slots are allocated. Bandwidth reservation can be performed and virtual channels can be emulated by cells that are allocated when required by a specific service.

STM

The ITU-T definition in Recommendation I.113: Synchronous transfer mode (STM) is a transfer mode that offers periodically to each connection a fixed length word. Note that the same abbreviation is also used for Synchronous Transport Module (STM-N) that is the name of the SDH frame with level N.

Both ATM and STM are slotted. The difference is that in STM the slots belonging to a certain connection come at regular intervals in time, such as in a PCM link, and in ATM the cells (slots) containing information from a specific connection are not found at regular intervals in time. STM is a term used for position-multiplexed technologies and ATM is a technology in its own right. Circuit mode is an example of STM. Figure 3-11 shows the main differences between ATM and STM.
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