Broadband Technologies

ADSL and ISDN

ADSL - Asymmetric digital subscriber line
ADSL unlike its acronym it doesn't really refer to a line, but the modems that convert a line into a high speed digital pipe. The modem technology converts the copper twisted-pair telephone lines in the plain-old telephony system (POTS), just before it enters your home, into access paths for multimedia and high speed communication. ADSL transmits more than 6 Mbps (optionally up to 8 Mbps downstream (to the customer) and up to 640 Kbps (optionally up to 1 Mbps) upstream, depending upon line length and the modem capabilities.

Many target applications for ADSL are naturally asymmetric, demanding high data rate downstream to the subscriber, but relatively low data rate upstream. Some application examples are: 1) Internet and remote LAN access 2) Movies and television 3) Remote CD-ROM's and video catalogs 4) Distance learning 5) Interactive games 6) Medical services 7) Video conferencing 

Specifications: An ADSL circuit is a point to point link connecting two nodes over a single twisted pair copper cable. This cable must be a dedicated line, and a normal telephone cable i.e. going through an exchange, will not suffice. ADSL provides a dedicated line type of connection. The ADSL modem creates three channels, a high speed downstream (from the end user node to the rest of the network) channel, a medium speed duplex channel and an ordinary telephone channel (see figure 1).
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Figure 1 - Simple ADSL Schematic




The ordinary telephone channel (or Plain Old Telephone Service, POTS) is split off from the rest of the digital modem channels by means of filters in order to guarantee that, even if the modem should fail, the ordinary telephone service will be able to continue uninterrupted. 
Architecture: The term asymmetric in ADSL refers to the service's differing upstream and downstream bandwidths. To transmit high-bandwidth data simultaneously with circuit-switched voice conversation, ADSL employs frequency division multiplexing. While POTS occupies the lowest frequencies from 0 to 4 kHz, upstream data uses from about 25 to 200 kHz, whereas downstream data uses from about 250 kHz to 1.1 MHz.

There are two main modulation methods that can be used with the ADSL technology are DMT and CAP.
Discrete multitone technology utilizes fully this frequency spectrum, while using different amplifications in different frequencies, and considering the previous voice transmission of POTS. The basic idea of DMT is to split the available bandwidth into a large number of subchannels. The subchannels are divided to groups, one for upstream, the other for downstream. The lower 4 kHz part is reserved for POTS, and is filtered by the splitter. So the voice and data signals can be separated and thus phone calls can be made at the same time when ADSL data service is used. 

The Carrierless Amplitude/Phase modulation is a multilevel multiphase encoding method. The CAP algorithm gives the data bit combinations a form of both amplitude and phase, and in this way creates a number of signals to be send over the twisted pair lines. Not like the DMT, CAP uses the whole frequency range from 4 kHz to 1.1 MHz as one channel. 

B-ISDN - Broadband Integrated Services Digital Network
The Broadband ISDN (BISDN) is conceived as a true ISDN, that is an all-purpose digital network that can carry traffic from all types of application in a flexible and cost-effective manner. It should be able to handle services such as video and audio transmission, interactive communications person-to- person or between groups of persons (multicast), and a distributive service that is broadcasting. 

Business perspective: The company wishes to upgrade their whole network infrastructure to eliminate duplicated costs and to significantly increase the efficiency of the network transport. The desired result is to lower costs, open up network resources for new applications, and to make the network more responsive to the increasingly demanding business needs. 

Technology: As is well known the CCITT have chosen Asynchronous Transfer Mode (ATM) as the technology for BISDN. The reason is ATM's promise of true multiservice capability with high bandwidth efficiency and service quality across all services. ATM also addresses the broadband traffic demand within their WAN backbone and provides the transport service for their locations requiring only narrowband resources. 

In an ATM network all data is carried in small fixed-length packets called cells. For BISDN cells have been defined to have a length of 53 bytes, consisting of a 5-byte header and a 48-byte information payload. ATM is essentially a connection-oriented technique, but it is envisaged that it will also support connectionless services. 

Summary on ADSL and B-ISDN using top down model approach
ADSL

	Data Layer 
	Network Layer 
	Technology Layer

	No time based time-based Internet charges, have permanent 'always on' connection 


	On the outside- transparent synchronous data pipes at various data rates over ordinary telephone lines. 


	Copper cable network 

ADSL modems at both user and provider ends.

	High-speed access to large volumes of data.
	On the inside – a filter separates telephone call and data transmission, allowing dual usage of the line


	


B-ISDN

	Data Layer
	Network Layer 
	Technology Layer

	Most ISDN lines offered by telephone companies give you two lines at once, called B channels. You can use one line for voice and the other for data, or you can use both lines for data to give you data rates of 128 Kbps,


	Asynchronous Transfer Mode (ATM), a network technology based on transferring data in cells or packets of a fixed size. 


	Requires fiber optic cables and is not widely available. 
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Cable Internet access

Standards and technologies used

The network infrastructure

Physical cabling standards


Cable Network technology runs over existing Cable TV coaxial/fiber cable. Typically, this coaxial cable can provide up to 450 Megahertz of capacity. Assuming each TV channel requires 6Mhz, coaxial cable could provide 60 channels. Cable network for data access typically uses 1 channel for downstream data traffic and 1 channel for upstream traffic.


Using 64 QAM (Quadrature amplitude modulation), the data channel can provide up to 27 Megabits per second of data capacity downstream. Upstream, however, could only reach 500Kbps to 10Mbps using 16 QAM or QPSK. This is due to the fact that the initial cable TV network was designed as a downstream broadcast network for television signals. As such, upstream traffic experience RF interference and impulse noise. Hence, more robust, but slower modulation techniques, such as 16QAM and QPSK, are used for upstream traffic.


Cable network access is a shared media technology, meaning all users share the upstream and downstream channel bandwidths. 

Network Architecture


The Cable network is designed in a hierarchical structure, with a Regional Cable Headend (interfacing to the IP backbone network, i.e. the Internet, and also housing intranet servers) connecting through high speed fiber links to various distribution hubs, or nodes to serve users in the local area through coaxial cable.

Interface to the user


At the user end, a splitter differentiates between the TV and data channels of the coaxial cable. A cable modem is then installed as an external device to interface (modulate and demodulate data signals) between the PC and cable data channels. Cable modems are asymmetric, meaning that downstream speed and modulation method is different to upstream, due to reasons discussed above. This asymmetry suits the user end since Internet traffic is usually asymmetric in nature (e.g. a request followed by large download).


The cable modem is then interfaced to the PC through a regular 10BaseT network interface card, or a USB connection. The significance of this fact is that the cable network operates at the data link and physical layers of the OSI model. To the PC, the cable technologies are transparent – and is simply a large, virtual Local Area Network accessed through the NIC. This implies that any protocols on the higher layers, such as TCP/IP, can be run seamlessly over the underlying cable network.  

Products being offered

Currently in Australia, the 2 Cable network services offered are Optus’s Optus@Home and Telstra’s Big Pond Advanced, running over Optusvision and Foxtel Cable TV networks respectively. Both utilizing Hybrid Fiber Coaxial technology, high speed fiber is used for backbone with nodes in local areas providing coaxial cable to user’s homes. The following table lists the features/ services offered by the 2 cable companies:

	Feature
	Optus@Home
	Telstra Big Pond Advanced

	Network architecture
	HFC (OptusVision)
	HFC (Foxtel)

	Cable Modem
	DOCIS standard
	Proprietary

	Maximum theoretical downstream
	
	30Mbps

	Maximum theoretical upstream
	
	768Kbps (modem constraint)

	IP address assignment
	Dynamic using DHCP
	Dynamic using DHCP

	Sharing through LAN
	One IP address per user. 
	Allows multiple IP addresses connected to one cable modem on extra charge.

	Servers allowed on hosts?
	No
	


Analysis of technology

Analysis of Cable technology using the top down model


Cable as a means of Internet access belongs to the network and technology layer of the top down analysis model. The following lists the data layer requirements and how Cable technology provides solutions to those requirements:

	Data layer requirement
	Network layer solution

	Constant connectivity to the Internet for 24 hour access to data.
	Existing Cable TV network is implemented as an intranet, offering connectivity through NIC’s instead of dial up. 

	Sharing of Internet access to data/ information between all users in the business.
	Multiple PC’s can be linked to the Cable Modem and become part of the ISP’s intranet, or a gateway PC could be used for sharing of Internet access.

	High-speed access to large volumes of data.
	Cable network infrastructure supports speeds up to 27Mbps.


In order to satisfy the network layer requirements, the following technology layer solutions are implemented by Cable Modem technology. Note that both the network layer (the Cable TV network), and technology layer (Cable Modems, cabling) are all managed by the ISP.

	Network layer requirements
	Technology layer solutions

	High-speed data traffic using existing cable TV network.
	External cable modems (user end) and Cable modem termination systems (headend) are used to communicate data through existing Cable TV channels.

	
	Hybrid of fiber and coaxial cabling. 


Cable disadvantages

Despite its constant connectivity and high-speed access, there are several disadvantages to a business using cable network access:

· Connected computers must become part of the Cable ISP’s subnet, i.e. a business cannot use cable as a means of direct connection between the Internet backbone and its Local Area Network.

· Due to the slower speed of upstream traffic, cable network access is not suitable for running servers on the user end. In fact the cable ISP might disallow servers due to security issues.

· In order to share the cable access inside the office, the business must either pay extra for more IP addresses, or set up a Network Address Translation gateway – in which all other computers will not be genuine Internet hosts with valid IP addresses. This, however, could be viewed as an advantage to firewall off the businesses LAN from the Internet.

· Cable is shared media. Quality of service is not deterministic especially at times of high traffic load.

Conclusion of analysis

As a broadband network access technology, cable has the advantage of being fast, easily accessible to most users (being accessible to anyone who has cable TV passing in their area), and constant connectivity. For business use, however, it is suitable only as a means of fast downstream Internet access. For example it cannot replace traditional leased lines to link LANs between offices (unless a Virtual Private Network is used), nor can it be suitably used by the business to run servers for the Internet in its offices. For a business requiring Internet mostly as a source of information, cable network access is good value for money in comparison to other alternatives such as dial-up and ISDN.

Digital communication with T carriers.

There are many different transmission services in this category. In North America they are called T carriers whereas elsewhere they are called E carriers. The T-1 and 

T-3 are by far the most common, so that’s what I will concentrate on. 

When we make a phone call, the analogue signal is not converted into digital until it leaves the CO. Digital signals are much less subject for noise over long distances as it is easy to correct signal with repeaters. This is where T-1 comes in. It is a standard for long-distance, digital, high-bandwidth communication. 

The T carrier system can use various media to accomplish the communications, but typically it is twisted-pair. Depending on the distance and the bandwidth, fibre optics or digital radio are also used. A T-1 line uses pulse code modulation (PCM) to convert from voice/analogue to digital, this means that it needs to send 8 bits per amplitude sampled. Since PCM requires 8000 samples/sec one phone call will need minimum 64Kbps capacity. T-1 is build up of 24 of these 64Kbps channels, which all put together sums up to 1.544 Mbps. Any one of these channels can carry voice, data or any other type of digitised traffic. Procedures called framing and multiplexing are used to differentiate between channels.

Below is an overview of a T carrier system:



SONET (Synchronous optical network)

SONET is a hierarchy of optical standards for the future. It merges American and European hierarchies and supports B-ISDN and ATM. With bandwidths ranging from 51.184 Mbps to a massive 10 Gbps it really can handle the rapidly increasing bandwidth demands. 

T-1 and SONET are built in much the same way. SONET however, relies on optical fibres and a slightly different framing technique. The frame used in the lowest rate SONET (51.184) is composed of 49.536Mbps payload/customer data leaving 2.304Mbps for overhead/control info.

SONET is still quite expensive, so it is usually employed only by businesses with need for huge data transfers. On the other hand, unlike T-1 it is flexible in the definition of its payload area.

Wireless Network

Wireless is one of the top growing areas in telecommunication today. It is very convenient in many situations and offers much lower installation cost. Both wireless LAN and WAN are being produced, but both categories vary in bandwidth, availability, cost and applications. Since the media is air, security becomes an especially important issue.

A LAN is restricted to a small geographic area depending on how many wireless hubs are used. Examples of usages are campuses (UNSW library), hospitals, meeting rooms or pretty much anywhere where people come and go or move around. Bandwidths of such LANs lay around 1.6 – 10 Mbps where the faster ones have a smaller radius. Hence, on average, wireless is not as fast as the wire-based networks. 

Transmission uses either microwave, infrared or spread spectrum radio to fulfill the applications.
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TDF – Truck Distribution Frame


DCB – Digital Channel Bank


DSX – Digital Crossconnect Frame


ORB – Office Repeater Bay
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