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Abstract

       This paper explains about SONET –Synchronous Digital Network, that has been greeted with unparalleled enthusiasm throughout the world. It also explains how it came into existence and in which way it differs from others. What does synchronous mean?” Bits from one telephone call are always in the same location inside a digital transmission frame”.

      This material is assumed to be comfortable to the reader as the basic concepts of a public telecommunications network, with its separate functions of transmission and switching, and is assumed to be aware of the context for the growth of broadband traffic. 

     In the early 1970’s digital transmission systems began to appear, utilizing a method known as Pulse Code Modulation (PCM), first proposed by STC in 1937. As demand for voice telephony increased, and levels of traffic in the network grew ever higher, it became clear that standard 2 Mbit/s signal was not sufficient. To cope with the traffic loads occurring in the trunk network. As the need arose, further levels multiplexing were added to the standard at much higher speed and thus SONET came into existence. For the first time in telecommunications history there will be a worldwide, uniform and seamless transmission standard for service delivery. SONET provides the capability to send data at multi-gigabit rate over today’s single-mode fiber-optic links

       As end-users become ever more dependent on effective communications, there has been an explosion in the demand for sophisticated telecom services. Services such as videoconferencing remote database access, and multimedia file transfer require a flexible network with the availability of virtually unlimited bandwidth. The complexity of the network, means that network operators are unable to meet this demand. At present SONET is being implemented for long-haul traffic, but there is no reason it cannot be used for short distances.

SYNCHRONOUS OPTICAL NETWORK  (SONET)

Definition:

          Synchronous optical network (SONET) is a standard for optical telecommunications transport formulated by the Exchange Carriers Standards Association (ECSA) for the American National Standards Institute (ANSI), which sets industry standards in the U.S. for telecommunications and other industries.  The comprehensive SONET standard is expected to provide the transport infrastructure for worldwide telecommunications for at least the next two or three decades.

Introduction to SONET:

          Synchronous optical network (SONET) is a standard for optical telecommunications transport.  It was formulated by the ECSA for ANSI, which sets industry standards in the United States for telecommunications and other industries.  The comprehensive SONET/synchronous digital hierarchy (SDH) standard is expected to provide the transport infrastructure for worldwide telecommunications for at least the next two or three decades.

The increased configuration flexibility and bandwidth availability of SONET provides significant advantages over the older telecommunications system.  These advantages include the following:

· Reduction in equipment requirements and an increase in network reliability.

· Provision of overhead and payload bytes-the overhead bytes permit management of the payload bytes on an individual basis and facilitate centralized fault sectionalization

· Definition of a synchronous multiplexing format for carrying lower level digital signals (such as DS-1,DS-3) and a synchronous structure that greatly simplifies the interface to digital switches, digital cross-connect switches, and add-drop multiplexers

· Availability of a set of generic standards that enable products from different vendors to be connected

· Definition of a flexible architecture capable of accommodating future applications, with a variety of transmission rates

In brief, SONET defines optical carrier (OC) levels and electrically equivalent synchronous transport signals (STSs) for the fiber-optic-based transmission hierarchy.

SONET    Layers :

[image: image1.png]Senice: D51, 52,053, Video, etc
NG

Hep service & Path
ouerhead it SPE

Emvelope

Hep SPE & Line
ouerheadirto STS-

ST blocks

Hap ST5-H esecton

Frame

Optcel convertion

Light

Terminal

Multplexer

Lbpp

=

Regenerator

Terminal





SONET has four optical interface layers. They are:

· Path  Layer,

· Line  Layer,

· Section  Layer, 

· Photonic  Layer.                 

 Path Layer :    The Path Layer deals with the transport of services between the PTE. The main function of the Path Layer is to map the signals into a format required by the line layer . Its main functions are :

· Reads ,

· Interprets ,

· Modifies  the path overhead for the performance and automatic protection switching.

Line Layer  :  The line layer deals with the transport of the path layer payload and its overhead across the physical medium. The main function of the line layer is to provide synchronization and to perform multiplexing for the path layer  . Its main functions are :

· Protecting Switching ,

· Synchronization ,

· Multiplexing ,

· Line maintenance ,

· Error Monitoring .

Section Layer :   The section layer deals with the transport of an STS-N frame across the physical medium. Its main functions are :

· Framing ,

· Scrambling ,

· Error Monitoring ,

· Section Maintenance.

Photonic Layer  :   The Photonic layers mainly deals with the transport of bits across the physical medium. Its main functions are :

· Wavelength ,

· Pulse Shape ,

· Power Levels.

Synchronization of Digital Signals

           In a set of synchronous signals, the digital transitions in the signals occur at exactly the same rate.  There may, however, be a phase difference between the transitions of the two signals, and this would lie within specified limits.  These phase differences may be due to propagation time delays or jitter introduced into the transmission network. In a synchronous network, all the clocks are traceable to one primary reference clock (PRC).The accuracy of the PRC is better than (+/-) in 1011 and is derived from a cesium atomic standard.

      If two digital signals are plesiochronous, their transitions occur at almost the same rate, with any variation being constrained within tight limits.

      In the case of asynchronous signals, the transitions of the signals do not necessarily occur at the same nominal rate. Asynchronous, in this case, means that the difference between two clocks is much greater than a plesiochronous difference.

Basic SONET Signal:

        SONET defines a technology for carrying many signals of different capacities through a synchronous, flexible, optical hierarchy. This is accomplished by means of a byte-interleaved multiplexing and offers end-to-end network management.

	Optical Carrier Level
	Electrical Equivalent
	Line Rate Mbps

	OC-1
	STS-1
	51.84

	OC-3
	STS-3
	155.52

	OC-12
	STS-12
	622.08

	OC-24
	STS-24
	1244.16

	OC-48
	STS-48
	2488.32

	OC-192
	STS-192
	9953.28


Synchronous versus Asynchronous

Why Synchronize?

           Traditionally, transition systems have been asynchronous, with each terminal in the network running on its own clock. In digital transmission, clocking is one of the most important considerations. Clocking means using a series of repetitive pulses to keep the bit rate of data constant and to indicate where the ones and zeros are located in a data stream.

   These clocks are totally free -running and not synchronized, large variations occur in the clock rate.

        Asynchronous multiplexing uses multiple stages. Signals such as asynchronous DS-1s are multiplexed, and extra bits are added (bit -stuffing) to account for the variations of each individual stream and combined with other bits (framing bits) to form a DS-2 stream.

      In a synchronous system such as SONET, the average frequency of all clocks in the system will be the same (synchronous) or nearly the same (plesiochronous). Every clock can be traced back to a highly stable reference  supply. Thus, the STS-1 rate remains at a nominal 51.84 Mbps, allowing many synchronous STS-1 signals to be stacked together when multiplexed without any bit -stuffing. Thus, the STS-1s are easily accessed at higher STS-N rate.

         Pointers accommodate differences in the reference source frequencies and phase wander and prevent frequency differences during synchronization failures.

Synchronization Hierarchy:

       Digital switches and digital cross-connect systems are commonly employed in the digital network synchronization hierarchy. The network is organized with a master-slave relationship with clocks of the higher-level nodes feeding timing signals to clocks of the lower-level nodes.

Network  Connections:

       Communication between various localized networks is costly because differences in digital signal hierarchies, encoding techniques and multiplexing strategies. For example, the DS1 signals consist of 24 voice signals and one framing bit per frame. It has a rate of 1.544 Mbps. DS1 uses the AMI encoding scheme, it robs a bit from an eight bit byte for signaling. Therefore, it has a rate of 56 kbps per channel. But with the B8ZS bipolar violation encoding scheme , every bit is used for transmission. Therefore , it has a rate of 64 Kbps per channel. The CEPT-1(E1) signal consist of 30 voice signals and 2 channels for framing and signaling , its rate is 2.048 Mbps.
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Therefore communication between different networks requires complicated multiplexing/demultiplexing , coding/decoding process to convert a signal from one format to another format. To solve this problem SONET standardizes the rates and formats. The Synchronous Transport Signal (STS) is the basic building block of SONET optical interfaces with a rate of 51.84 Mbps. The STS consists of two parts, the STS ayload(data, carries the information) and the STS overhead(carries the signaling and protocol information).

All different types of formats are multiplexed to form a single SONET 51.48 Mbits/s.
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      At the other ends of a communication system, it involves signals with various rates and different formats. A signal is converted to STS and travel through various SONET networks in the STS formats until it terminates. The terminating equipment converts the STS to the user 

Format :

    Typical End-to-End SONET connection.

Path Terminating Equipment (PTE) :      The STS path terminating equipment is a network element that mu;tiplex/demultiplex the STS payload. The STS path terminating equipment assembles 28 1.544Mbps DS1 signals and inserts path overhead to and from a 51.84 Mbps STS-1 signal.

Line Terminating Equipment (LTE) :      The LTE is the network element that originate and/or terminates line signal.

Section Terminating Equipment (STE)  :  The STE can be a terminating network element or a                                                      regenerator. Its able to access , modify, terminate the overhead, or originate.

Frame Format Structure

       SONET uses a basic transmission rate of STS-1 that is equivalent to 51.84 Mbps. Higher-level signals are integer multiples of the base rate.

STS-1 Building Block:

        The Synchronous payload envelope can be divided into two parts: the STS path overhead (POH) and the payload. The payload is the revenue-producing traffic being transported and routed over the SONET network. Once the payload is multiplexed into the synchronous payload envelope, it can be transported and switched through SONET without having to be examined and possibly demultiplexed at intermediate nodes. Thus, SONET is said to be service-independent or transparent.

STS-Frame Format

	B
	B
	B
	                    87B
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Transport Overhead           Synchronous  Payload  Envelope              

                                             



B= an 8- bit byte


The STS-1 payload has the capacity to transport up to the following:

· 28 DS-1s

· 1 DS-3

· 212.048 Mbps signals

· combinations of each

STS-1 Frame Structure:

         STS-1 is a specific sequence of 810 bytes (6,480), which includes various overhead bytes and an envelope capacity for transporting payloads. It can be depicted as a 90-column by 9-row structure. With a frame length of 125 us(8,000 frames per second), STS-1 has a bit rate of 51.840 Mbps. The order of transmission of bytes is row-by-row from top to bottom and from left to right (most significant bit first).

           As shown in Figure 1, the first three columns of the STS-1 frame are for the transport overhead. The three column contain 9 bytes. Of these, 9 bytes are overhead for the section layer (for example, each section overhead), and 18 bytes are overhead for the line layer (for example, line overhead). The remaining 87 columns constitute the STS-1 envelop capacity (payload and POH).

               STS-1     Frame Elements
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 This is known as the STS-1 signal rate-the electrical rate used primarily for transport within a specific piece of hardware. The optical equivalent of STS-1 is known as OC-1, and it is used for transmission across the fiber.

STS-1 Envelope Capacity and Synchronous Payload Envelope (SPE) :

The STS-1 SPE consists of 783 bytes, and can be depicted as an 87-column by 9-row structure. Column 1 contains 9 bytes, designated as the STS POH. Two columns (columns 30 and 59) are not used for payload but are designated as the fixed-stuff columns. The 756 bytes in the remaining 84 columns are designated as the STS-1 payload capacity.

                                                        STS-1  Payload  Capacity
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87 Columns

STS-1 SPE

STS-1 SPE in Interior of STS-1 Frames:

        The STS-1 SPE may begin anywhere in the STS-1 envelope capacity (see Figure 4). Typically, it begins in one STS-1 frame and ends in the next. The STS payload pointer contained in the transport overhead designates the location of the byte where the STS-1 SPE begins.

        STS POH is associated with each payload and is used to communicate various information from the point where a payload is mapped into the STS-1 SPE to where it is delivered.


STS-N Frame Structure:

          An STS-N is a specific sequence of Nx810 bytes. The STS- N is formed by byte-interleaving STS-1 modules (see Figure 5). The transport overhead of the individual STS-1 modules are frame aligned before interleaving, but the associated STS SPEs are not required to be aligned because each STS-1 has a payload pointer to indicate the location of the SPE (or to indicate concatenation)

STS-N :

	B
	B
	B
	                N*90 Columns

	
	
	
	



    Transport           

      STS-N     Envelope   Capacity

    Overhead
Overheads

          SONET provides substantial overhead information, allowing simpler multiplexing and greatly expanded operations, administration, maintenance, and provisioning (OAM&P) capabilities. The overhead information has several layers, which shown in Figure 6. Path-level overhead is carried from end-to-end: it is added to DS-1 signals when they are mapped into VTs and for STS-1 payloads that travel end-to-end. Line overhead is for the STS-N signal between STS-N multiplexers. Section overhead is used for the communications between adjacent network elements such as regenerators.

Transport overhead :


Section Overhead  :

· Framing  A1 and A2 are the two framing bytes, are dedicated to each STS-1 to indicate the beginning of a STS-1 frame. The A1, A2 bytes pattern is F628 hex(this F628 is never scrambled). When four consecutive erred framing patterns have been received, an OOF (Out Of Frame) condition is declared. When two consecutive error free framing patterns have been received , an in frame condition is declared.

· STS-ID  C1, is a number assigned to each STS-1 signal in a STS-N frame in according to the order of its appearance, ie the C1 byte of the first STS-1 signal is a STS-N frame is set to 1, the second STS-1 signal is 2 and so on. The C1 byte is assigned prior to byte interleaving and stay with the STS-1 until deinterleaving.

· Section BIP-8  B1, is allocated from the first STS-1 of a STS-N for section error monitoring. The B1 byte is calculated over all bits of the previous STS-N frame after scrambling using a bit interleaving parity 8 code with even parity. Each piece of section equipment calculates the B1 byte of the current STS-N frame and compares it with the B1 byte received from the first STS-1 of the next STS-N frame. If the B1 bytes match , there is no error. If the B1 bytes do not match and the threshold is reached, then the alarm indicator is set.

· Orderwire  E1, is allocated from the first STS-1 of a STS-N frame as local orderwire channel for voice communication channel. One byte of a SONET frame is 8bit/125 usec or 64 Kbps which is the same rate as a voice frequency signal.

· User F1, is set for the user purposes. It is passed from one section level to another and is terminated at all section equipment.

· Data Communication  D1,D2 and D3 are allocated from the first STS-1 of a STS-N frame. This 192 kbps message channel can be used for alarms, maintenance, control, monitoring, administration and communication needs between two section terminating equipments.

Line Overhead :

· Pointer  H1 and H2, in each of the STS-1 signals of a STS-N frame is used to indicate the offset in the bytes between the pointer and the first byte of the STS-1 SPE. The pointer is used to align the STS-1 SPE is an STS-N signal as well as to perform frequency justification. The first pointer bytes contain the actual pointer to the SPE, the following pointer bytes contain the linking indicator which is 10010011 11111111.

· Pointer Action  H3, in each of the STS-1 signals of a STS-N frame is used for frequency justification purpose. Depending on the pointer value , the byte is used to adjust the fill input buffers. It only carries valid information. But it is not defined for negative justification.

· BIP-8  B2, in each of the STS-1 signal of a STS-N frame is used for line error monitoring function. Similar to B1 byte in the Section overhead, but the B2 byte uses bit interleaving parity 8 code with even parity. It contains the result from the calculation of all the bits of the line overhead and STS-1 envelope capacity of the previous STS-1 frame before scrambling.

· Automatic Protection Switching (APS)  K1 and K2 , are allocated for APS signaling between line level entities for line level bi-directional APS. These bytes are defined only for STS-1 number 1 of an STS-N signal.

· Data Communication  D4-D12(9 bytes) , are allocated for line data communication and should be considered as one 576-kbps message-based channel can be used for alarms, maintenance, control, monitoring, administration and communication needs between two section terminating equipment. The D4-D12 bytes of the rest of the STS-N frame are not defined.

· Growth, Growth/FEBE  Z1 and Z2, are set aside for functions not yet defined.

· Orderwire  E2, is allocated for orderwire between line entities. This bytes is defined only for STS-1 number 1 of a STS-N signal.

Path Overhead:

                            The path overhead is assigned to, and transported with the payload. It is created by the PTE as part of the SPE until the payload is demultiplexed at the terminating path equipment. The path overhead supports the following four classes of operations :

· Class A   :    payload independent functions, required by all payload type,

· Class B  :   mapping dependent functions, not required by all payload 


   type,

· Class C    :   application specific functions,

· Class D    :   undefined functions, reversed for future use.

STS POH

STS POH contains 9 evenly distributed POH byte per 125 microseconds starting at the first byte of the STS SPE.STS POH provides for communication between the point of creation of an STS SPE and its point of disassembly. This overhead supports functions such as the following:

· Performance monitoring of the STS SPE

· Signal label (the content of the STS SPE, including status of mapped payloads)

· Path status

· Path trace

The POH is found in rows 1 to 9 of the first column of the STS-1 SPE 

VT POH

VT POH contains four evenly distributed POH bytes per VT SPE starting at the first byte of the VT SPE . VT POH provides for communication between the point of creation of an VT SPE and its point of disassembly.

Pointers:

         SONET uses a concept called pointers to compensate for frequently and phase variations. Pointers allow the transparent transport of synchronous payload envelopes (either STS or VT) across plesiochronous boundaries (i.e., between nodes with separate network clocks having almost the same timing).The use of pointers avoids the delay and loss of data associated with the use of large (125-microsecond frame ) slip buffers for synchronization.

An STS-1 pointer(H1 and H2 bytes), which allows the SPE to be separated from the transport overhead. The pointer is simply an offset value that points to the byte where the SPE begins. Figure 11 depicts the typical case of the SPE overlapping onto two STS-1 frames. If there are any frequently or phase variations between the STS-1 frame and its SPE, the pointer value will be increased or decreased accordingly to maintain synchronization.

SONET Multiplexing

The multiplexing principles of SONET are as follows:

· Mapping—used when tributaries are adapted into VTs by adding justification bits and POH information

· Aligning—takes place when a pointer is included in the STS path or VT POH , to allow the first byte of the VT to be located 

· Multiplexing—used when multiple lower order path-layer signals are adapted into a higher-order path signal, or when the higher-order path signals are adapted into the line overhead

· Stuffing—SONET has the ability to handle various input tributary rates from asynchronous signals: as the tributary signals are multiplexed and aligned, 

Benefits of SONET:

· Reliability: SONET is capable of achieving 99.999% reliability, meeting the needs of the most stringent applications

· Performance: Guaranteed delivery of data over large distances

· Scalability: Data rates range from 150Mbps to 40 Gbps (STS-1 to OC-768)

· Cost-effectiveness: One network that supports all data and voice traffic – the true unifying protocol

· Allows networking equipment from different vendors to communicate – multivendor compatibiity

· Requires less physical equipment and provides an inexpensive solution (interpretation is no longer required)

· Improves signal quality and reliability

· Increases user-privacy

         SONET is the only protocol which is able to meet the needs of longhaul or distance extended transport

· Dedicated Bandwidth: Data is given a dedicated path through the network (ex STS-1, OC-3) with no risk of contention or lost data

· Transmission needs:

· SONET network elements have been designed to provide the regeneration and management features required when signals are being transported over great distances

· Availability: 150,000 SONET rings in North America which are available to all potential customers

· Embedded Base:  Directly touching 85% of all enterprises, SONET enables an unlimited number of networking options

· Efficiency:

· Increased utilization – Native protocols are aggregated into SONET payloads increasing efficiency and utilization of bandwidth

· Lower transmission costs – SONET bandwidth pricing has rapidly declined in the last year

     Optical fiber makes possible the transmission of digital data at several gigabits per second (Gbps) over long distances with very low error rates

Optical Interconnect

    Because of different optical formats among vendors’s asynchronous products, it is not possible to optically connect one vendors’s fiber terminal to another.  For example, one manufacturer may use 417-Mbps line rate, another 565-Mbps.

    A major SONET value is that it allows midspan meet with multivendor compatibility.  Today’s SONET standards contain definitions for 

fiber-to-fiber interfaces at the physical level.  They determine the optical line rate, wavelength, power levels, pulse shapes, and coding.

Convergence, ATM, Video, and SONET

     Convergence is the trend toward delivery of audio, data, images, and video through diverse transmission and switching systems that supply high-speed transportation over any medium to any location.  Tektronix is pursuing every opportunity to lead the market providing test and measurement equipment to markets that process or transmit audio, data, image, and video signals over high-speed networks.

    Many of the new broadband services may use asynchronous transfer mode (ATM)-a fast packet-switching technique using short, fixed-length packets called cells.  ATM multiplexes the payload into cells that may be generated and routed as necessary.  Because of the bandwidth capacity it offers, SONET is a logical carrier for ATM.

Conclusion:

         SONET is here, now. It will continue to penetrate the market through upgrades and retirement of existing equipment. IT is an international standard that is being widely used and adopted. One reason it is so important is that SONET has been selected as transmission technology for BISDN. It can transport all signals currently defined all over the world today. 
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