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EXECUTIVE SUMMARY 
 
This report considers technologies that have recently been commercially deployed or are likely to 
be commercially deployed within the next three years for the supply of telephony services. 
 
As well as the traditional copper access network, the report considers other access network 
technologies:-:  

• cable TV networks,  
• optical fibre networks,  
• radio-based networks,  
• powerline networks and 
• non-terrestrial networks. 

 
The report outlines the central role of packet-based networks using IP (Internet Protocol) to provide 
telephony service. The Report covers two approaches to providing telephony services 

• The provision of telephony in addition to other services over a new access infrastructure 
delivered by the service provider; and 

• The provision of access to a telephony application running over the public Internet via a 
user’s existing broadband Internet access. 

  
These technologies may be used by service providers to provide existing services more efficiently 
or to supply new services to their customers.  Each of the technologies considered have 
advantages and disadvantages relative to one another or to more traditional technologies.   
 
The extent to which these technologies will be commercially deployed in the next three years will 
depend upon a range of factors in addition to their technical attributes, including commercial 
considerations and regulatory decision making.  While the use of some of the technologies 
discussed would be unlikely to be used other than to supply niche services, others show greater 
prospect of commercial use to both reduce costs of existing services and to supply new or 
competing services.  
 
 A key factor in determining the extent to which IP Telephony will be used to supply telephony 
services in competition with existing telephony services (such as PSTN services) will be the quality 
of the underlying broadband networks and IP applications.  Unless users can access broadband 
networks that are of greater quality than those that typically have been supplied to date, IP 
telephony will most likely be unsuitable for many customers as their primary means of accessing 
telephony services. 
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1 INTRODUCTION  
This Report has been prepared for the Australian Competition and Consumer Commission  to 
assist in the Commission’s consideration of future price control arrangements for PSTN access 
and calls. 
 
The Report provides an overview of current technology, and of alternate technologies that are 
currently anticipated as having reasonable prospect of commercial deployment in Australia during 
the period 2005-2008. 
 
The Report looks at the advantages and disadvantages of each new technology relative to current 
technology, and the possible deployment of these technologies during the next three years. The 
Report raises, but does not investigate in detail, non-technological questions that may influence 
the deployment of alternative technologies. 

2 CURRENT NETWORK TECHNOLOGIES 
The current Public Switched Telephone Network (PSTN) combines an analogue access network 
with a circuit-switched core inter-exchange network 

2.1 The (Copper) Customer Access Network or CAN 
Telstra’s CAN uses analogue technology, relatively little changed from the technology introduced 
over a century ago. Annex 1 to this Report gives a more detailed description of the CAN 
architecture. 

2.2 How it Works 
For each telephone service, a single pair of twisted copper wires is provided from the user’s 
premises to the exchange point. Analogue voice frequency signals of approximately 4 kHz 
bandwidth are carried in each direction over this twisted pair. The exchange provides a DC voltage 
to power the telephone equipment and for line signalling (off-hook and dialling). Incoming calls are 
indicated by applying a fluctuating AC signal (ring). 
2.2.1 Services that can be Supplied 
Telephony: The CAN provides a 4 kHz path for voice, and voice-like services (such as voice-
encoded data1). 
Broadband Access:  As described in Annex 2, the copper CAN can also pass frequencies 
considerably higher than those needed for voice, using advanced Digital Subscriber Line (DSL) 
technology. 
 
In the near future, the copper access network may be of equal or greater utility as a transmission 
path for high speed data than as a provider of analogue telephony access.  Voice can be carried 
digitally either as part of the broadband data stream (by techniques such as Voice over IP 
described in Section 6.6 of this report) or by other techniques (such as “Voice over DSL2”). 
 

2.3 The Inter-exchange Network 
Unlike the access network, the inter-exchange network has evolved considerably with changing 
technology, as well as the introduction of network competition. 
2.3.1 Historical Structure 
As described in Annex 1, the previous generation of network and transmission equipment created 
a clear distinction between two areas of the network:- 

                                                 
1 Data is encoded to have the same characteristics as voice. The data is encoded (and decoded) by a 
modem (modulator/demodulator) using an agreed technical standard. Current examples include the data 
arrangements used for dial-up access to an ISP and facsimile. 
2 Voice over DSL technologies derive voice paths separate from the main multi-service IP data stream, with 
voice separated by a voice gateway for connection to the PSTN.  
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• Local Networks were designed to provide an end-to-end path from telephone to telephone 
in a local area, establishing a continuous copper pair for the duration of the call. The 
switches and transmission were “two-wire”, using the same transmission technology as the 
CAN. 

• Long-Distance (Trunk) Networks: The first long distance connections were provided by 
very thick copper wire, but even then transmission loss was very high for distances of 
hundreds of kilometres or more.  The introduction of electronic amplification provided a 
solution, allowing low loss over long distances. Separate transmission paths were needed 
in each direction, giving rise to the term “four-wire”. At first amplification was used to 
improve the signal over a single circuit, but new technology made it possible to multiplex a 
number of transmission circuits over a single transmission circuit. Long-distance networks 
used distinctly different transmission and switching from local networks, with a much higher 
cost per call carried. 

2.3.2 Digital Technology 
Digital electronics and computer control made major changes in the network, starting from the 
early 1980s and resulting in a complete change in inter-exchange network technology by the end 
of the 1990s. 

• Transmission technology became totally digital. The standard 4 kHz analogue channel 
was replaced by a 64 kbit/s digital bit-stream, and long-distance transmission moved from 
analogue radio and co-axial cable to digital transmission over optical fibre. 

• Switching technology moved from electro-mechanical analogue switches to computer 
style stored program controlled switches, initially with analogue switchblocks but later with 
compact digital switches. 

 
2.3.3 Current Structure 
As described in Annex 1, the current PSTN is fully digital from the analogue to digital conversion 
point at the network end of the CAN to the similar point at the distant end of a call. The network 
sets up, and maintains for the duration of a call, a 64 kbit/s path end-to-end3. If a digital CAN is 
used, this path can be extended from user to user – the basis of ISDN. 
 
The older network structure required approximately 5000 local exchanges in Australia, 
geographically near to users served. The current structure only requires that analogue to digital 
and customer interface equipment is located at these points, and as described in Annex 1 the 
current Telstra network has been reduced to about 200 local exchanges, supporting analogue 
remote equipment at multiple locations (including locations closer to the user than the traditional 
exchange sites). 
 

• From a technical perspective,  there is no basis for separation of Local  and Long 
Distance Networks. The same switches and transmission equipment carry both local and 
long distance traffic. The major significant difference is the operational treatment of the 
traffic, based on a number of policy and regulatory requirements4 that need to distinguish 
whether a call is to a local or long-distance destination. There is now little difference in the 
cost of providing a local call and the cost of providing a long distance call between high 
capacity routes, with a much greater difference in the cost of carriage over high-capacity 
routes (e.g. between major cities) and over low capacity routes (e.g. to rural areas, 
including some city fringe areas). 

2.3.4 Future Changes 
Network equipment vendors are starting to make use of packet technology within the inter-
exchange network. The equipment now on offer to network operators is claimed to result in 
reduced capital expenditure (by comparison with circuit-switched digital equipment) and significant 

                                                 
3 Newer technologies using packet switching in the network core are now being introduced in a way that is 
transparent to the user, who still is offered a continuous connection. 

Options for Supply of Telephony Services  October 2004 
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reductions in operational expenditure5. Companies such as BT PLC, Verizon and Telecom New 
Zealand have already started the move to this “Next Generation Network” structure. Others have 
announced their intention to move in this direction, though at a slower pace as they have relatively 
efficient circuit-switched digital equipment in place. Ted Pretty, Telstra’s Group Managing Director 
Technology, Innovation and Products, announced in an Analyst Briefing on 22 July 2004 that 
Telstra would undertake “an accelerated migration to a packet-switched network, including the 
rollout of an IP MPLS core network as a central platform to carry voice and data traffic and support 
high-performance business services6” 
 
These changes within the network will be part of the move to “NGN”, but as described in Section 6 
the provision of “NGN services” (other than voice) across networks depends on further 
development of network and interconnection standards. 

3 RADIO-BASED NETWORKS 
Access to the telephone network is also provided by radio-based mobile services. Annex 4 covers 
the concept of cellular mobile services, using small cells with intensive infrastructure and complex 
control systems between network and terminal to obtain efficient use of the radio spectrum.  
 
As described in the Annex, radio-based systems can be used to provide services for users on the 
move (“mobile users”), users who connect at different locations over time (“nomadic users”) and 
users at a single location (“fixed users”). Systems can cover small areas (“hot spots”) or wider 
regions, and can use satellites and high altitude platforms as well as terrestrial sites. 

4 THE INTERNET 
Annex 3 gives an overview of the operation of the Internet. As the following sections show, almost 
all the technologies likely to be used to provide an alternative to the current copper-based PSTN 
will be based on the use of the Internet Protocol (IP). 
 

4.1 How it Works 
The Internet is based on a set of simple protocols which support a simple, robust network designed 
to carry information assembled into individual “packets” by user equipment. Each packet is routed 
individually across the network, based on an IP address included with each packet. These 
protocols have been standardised at the international level by the IETF7.   
 
The core network evolved from research into robust, survivable networks and was adopted as the 
network arrangement of choice for interconnecting academic networks8. The public Internet 
evolved to support commercial traffic, producing a network now comparable in size with the PSTN 
that shares the transmission network at national and international level. 
 
Annex 3 discusses the operation of the Internet in more detail. There is a key design difference 
between the PSTN and the public Internet:- 
 

• The PSTN is designed to ensure the basic network provides reliable service; 
• The public Internet is designed to provide acceptable service, with other protocols such as 

TCP available to ensure reliable service over a best endeavours network. 
 

                                                 
5 British Telecom has target  savings of 30-40% in their “21st Century network” from reduced operational 
expenditure - see www.btplc.com/News/Presentations/ Generalpresentations/21century_network.ppt  
6 Quote from ZDNet report at http://www.zdnet.com.au/news/business/0,39023166,39154129,00.htm. The 
full report is included at Annex 6 of this Report  
7 IETF – Internet Engineering Task Force. The IETF’s document RFC 3160 ”The Tao of the IETF”  available 
at www.ietf.org/tao.html gives an overview of the organisation and its procedures. 
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The following table gives a brief comparison of these two major current networks:- 
 The Telephone Network The Public Internet 
Technology • Circuit switching of 64 kbit/s 

digital paths end-to-end 
• Routing of variable length packets 

over a core network 
Architecture • Well defined, evolving from the 

previous analogue network 
according to agreed international 
standards 

• Generally defined by commercial 
arrangements based on the 
underlying Internet Protocols 

Network design • Designed to meet high standards 
and reliability to meet a specified 
quality of service. 
 
 
Optimised for voice, and able to 
carry other services 

 

• Generally a “best endeavours” 
network with no global quality of 
service targets. Additional protocols 
can assist maintenance of end-to-
end quality (but not for all services). 
Able to carry a wide range of 
services, but problems for some 
real-time interactive services (e.g. 
voice) 

Global/National • Specified at the national level, 
with agreement for interaction at 
the international level. Strong 
national regulation, reinforcing a 
major social role. 

• Specified at the global level, with 
little scope for national variation. 
Limited current regulation nationally 
and internationally. 

 “Dumb terminal, smart network” “Smart terminal, dumb network” 
 
 

4.2 Services that can be supplied 
The contents of an Internet 
packet are not determined by the 
network structure - they are just 
digital data (bits). Anything that 
fits in the packet can be sent – if 
the information exceeds the 
maximum size for a packet, it can 
be split by the sender and sent in 
multiple packets which the 
receiver must recombine. 

  

Figure 1 - Service Layering 
 
As Figure 1 indicates, one of the 
major strengths of the Internet has come from its open interfaces between both horizontal and 
vertical service “layers”. For example, the underlying transmission infrastructure can support both 
the Internet and the PSTN. The Internet can support a range of services (email, file transfer, web 
browsing……) and each of these has open interfaces to support other services and applications 
(for example, secure e-commerce over web browsing). 
 
The Internet does not supply services, but rather supports them, with the assistance of other 
protocols and applications running over the Internet. 
 

5 TELEPHONY OVER INTERNET PROTOCOL NETWORKS 
As telephony is just another application, can it be supported over the Internet? The answer 
depends on both the definition of telephony and the details of the network involved. 

Options for Supply of Telephony Services  October 2004 
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5.1 Telephony over Internet Protocol 
Voice can be encoded digitally, and the information sent as packets using IP. The data rate 
required is relatively low9, and easily handled by available networks. 
 
The terms “voice over IP” or “VoIP’ are often used interchangeably with “telephony over IP”, but 
this is not accurate. Telephony involves two-way, interactive communication, rather than just one 
way carriage of voice. A century of experience with long-distance telephony has confirmed that 
humans are not tolerant of delay, particularly when a delayed version of a user’s speech is audible.  
 
As described in Annex 3, telephony requires the transmission and reception of a large number of 
small packets in close to real-time.  There is very little tolerance to delay, lost packets or packets 
arriving out of order or with substantial timing variation. Whether interactive voice communications 
can be carried over a network based on IP at a particular time depends upon many factors 
including the volume of other traffic passing over the network at that time and the end-to-end 
capacity of the network. At times of network congestion, the quality of interactive voice 
communications will deteriorate to low levels. This deterioration would exceed that experienced by 
users of one way communications, as retransmission or buffering techniques cannot be used with 
interactive voice. 
 
The standard Internet Protocol is designed to carry packets - IP does not supported assured 
quality of service. In order to provide end-to-end quality of service, additional techniques must be 
used in each link of an end-to-end network connection. The techniques to provide Quality of 
Service (QoS) include (either alone or in combination):- 

• Over-dimensioning – all links and routers are provided with a capacity to carry traffic 
significantly greater than the actual traffic; 

• Providing underlying connections, either 
o Actual separated physical routes (for example, with separate transmission capacity 

dedicated to carrying high capacity traffic), or 
o Virtual circuits (for example, using techniques such as ATM to ensure capacity is 

available for high priority traffic) 
• Using one of the available QoS protocols, either those produced by the IETF10 or a 

proprietary solution11, which run in conjunction with the basic Internet Protocol. 
 

5.2 Telephony over IP-Based Private Networks 
Many businesses previously used two separate networks -one supporting data, and the other 
supporting voice (telephony). These services are often now provided over a single network, 
supporting both voice and data as well as other forms of communication. 
 
These combined networks should be designed to provide a quality of service level able to support 
voice as well as data. They can replace separate data and voice networks, with interconnection to 
both the PSTN and public data networks. They may be provided over facilities owned by the user 
(as a private network), or supported by facilities provided from a public network (IP Centrex). 
 

                                                 
9 Telephony quality voice can be carried with coding rates of 16 kbit/s or less, using similar coding 
techniques to those developed for digital mobile services. The actual transmission rates are generally lower, 
as packets only have to be sent to carry information, not for example during times of silence. 
10 The IETF has developed a range of techniques to provide QoS within a single network – see Annex 3 

Options for Supply of Telephony Services  October 2004 
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5.4 Regulatory Positioning of Telephony over the Public Internet 
 
Telephony over the public Internet is possible much of the time, but not all of the time. At times of 
peak load, IP telephony may not be possible. As outlined in Annex 5, much IP telephony as seen 
by the user has different characteristics from traditional telephony, even though a standard 
telephone instrument may be used for the service. 
 
As Annex 5 describes, there is significant activity in many regulatory jurisdictions to answer the 
question  “Is “IP telephony” truly “telephony” as defined in national legislation?”, and if not, how is it 
to be treated? . In countries where IP telephony is now being offered, policy makers and regulators 
are generally viewing it as a separate, secondary service, with different regulatory treatment from 
the main telephone service. 
 
In Australia, this issue was considered in the recent ACIF Next Generation Network Project, and 
the industry is now looking for guidance from the policy-makers and regulators. There is no doubt 
that the form of future regulation will influence the nature and extent of the provision of telephony 
over the public Internet 

6 NEW AND EMERGING TECHNOLOGIES 
There are common factors in the technologies described in this section of the Report:- 

• All have been developed to support a range of services, not just a single service; and 
• All are based on the use of Internet Protocol to support this range of services 

 

6.1 MultiService Networks 
6.1.1 A General Service Model 
Access technologies that provide broadband Internet will also be able to be used to provide 
Internet telephony, with some 
limitations as already 
discussed. A number of 
“hybrid” access technologies 
are being developed that are 
able to provide telephony over 
IP networks, and these are the 
basis of the specific 
technologies described below. 
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Cable in Victoria), with final distribution of the signal using coaxial cable. These systems have 
been enhanced to provide two-way broadband Internet access. 

• Copper:- As discussed in Annex 2, DSL technology enables broadband access to be provided 
from an Access Unit (for example, Telstra’s RIM or Customer Multiplexer) over copper currently 
provided for telephony use. Companies such as Korea Telecom are using Access Units close 
to end-users combined with high-speed DSL technologies to give speeds close to those from 
an all fibre network. 

• Radio: - Radio systems generally use a similar approach, with fibre (or high capacity radio) to a 
point close to the user, and final distribution by a range of radio technologies from there. (A 
cellular mobile Base Station could be considered as an Access Unit, albeit with arrangements 
to serve mobile customers). Many solutions being proposed for rural broadband, as well as 
metropolitan area wireless systems such as WiMax, fit this model. 
Radio distribution from elevated platforms is also possible, ranging from relatively low altitude 
platforms (planes, tethered blimps, etc), through high altitude platforms to satellites orbiting the 
earth outside the atmosphere. 

• Optical Fibre:- The final distribution may also be by optical fibre, using techniques such as 
Passive Optical Networks to reduce cost by comparison with point to point fibre. 

• Distribution by Powerline: - The final access may be over the mains power line, with high 
frequency signals superimposed over the 50 Hz power distribution. 

 
Other Technologies:- A range of other technologies for the last ten to a hundred metres are 
possible, such as distribution by unguided optical link or very high frequency radio links requiring 
line of site access. The deployment of these technologies in the next three years is more 
speculative, and is not covered in more detail in this report. 
 
6.1.2 Possible Scenarios 
In Australia, the ACIF (the Australian Communications Industry Forum) has just completed a two 
year Next Generation Network Project15 looking at these developments and their implications in 
Australia looking at issues including 

• Technical standards 
• End-user issues 
• End-to-end services 
• Interconnection across networks 
• Regulatory issues (both self-regulation and government regulation) 

The points below draw on this work, as well as work in other countries. 
 
The terms “NGN” and “Next Generation Network” are widely used in the telecommunications 
industry, but do not have a precise meaning. The ACIF NGN Project saw “NGN” as a general 
concept, covering the move to packet-based networks. “NGN” was not seen as a single network 
technology, but rather a means of providing services across a range of technologies. “NGN” was 
seen to cover multiple networks and layers –serving fixed, mobile and “nomadic” users.  
 
The ACIF NGN Project saw significant implications for the delivery of “telephony” services, and 
produced a detailed report16 on the possible implications of telephony over NGN. 
 
The ACIF NGN Project identified a number of scenarios for the provision of telephony over IP:- 

• Voice over the Public Internet (VoIP) Independent of the Telephone Network (e.g. 
Skype, FreeWorld Dialup); 

• VoIP Services with Gateways to the existing circuit-switched PSTN (e.g. SIPphone, 
Skype+) 

                                                 
15 Detailed relevant information is on the ACIF website at www.acif.org.au/ngn. Peter Darling of Pondarosa 
Communications Pty Ltd, the prime author of this Report, also served as manager for the ACIF NGN Project. 
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• Internet Telephony over Any Residential Broadband Access (e.g. Vonage, BT 
Broadband Voice) 
The quality of the broadband access is determined by the user’s choice of broadband 
provider.  In this scenario, the quality of the IP telephony service is not under the telephony 
service provider’s control. 

• IP Telephony provided within a single Broadband Network (e.g. Neighborhood Cable, 
Comcast) 
This design of a network is under the network provider’s control, so in this scenario the 
provider is able to control the quality of the IP telephony service. 

• IP Telephony to full Telephony Standards, (e.g. corporate networks, standards-based 
NGN) 

 
The ACIF NGN Project identified two classes of “NGN” that are now being developed 
 
6.1.3 NGN “Transitional Services” 
Before the development of networks to full NGN standards, there will be “Transitional services” 
such as Internet telephony (or IP Telephony/VoIP). These services, which are now starting to be 
supplied commercially, will be based on IETF and proprietary standards, with some further 
standards17 work from the USA and Japan. These are the technologies covered in detail in the 
following section of this Report as likely to provide alternatives to Telstra’s current telephony 
services in the next three years. 
 
6.1.4 “Standards Based” NGN 
Telecommunications standards bodies, in particular the telecommunications standardisation area 
of the International Telecommunication Union (the ITU-T) and ETSI, the European 
Telecommunications Standards Institute, are working to standardise a voice plus multimedia 
network architecture that will support a full range of services, from low-speed telemetry to high 
speed video on demand. This network structure will be based on IP, but will require substantial 
specification above and beyond the protocols specified by the IETF. The first versions of these 
standards will not be available until late in 2005, and networks to these standards are unlikely 
before late in 2006 or 2007 
 
As described earlier, carriers such as Telstra are starting to replace their core network equipment 
with IP packet-based equipment. Agreement on end-to-end NGN standards and the upgrading of 
the access network to provide high quality broadband will enable development of a full voice, data 
and multimedia network, evolving from and gradually replacing the current PSTN. As NGN 
standards are not yet complete, and given the likely longer-term timeframe for their 
implementation, “full NGN” networks are not considered in detail in this Report. 
 

6.2 Cable TV Networks 
6.2.1 How they Work 
Current entertainment delivery networks (“Pay TV” or “Cable TV”) use optical fibre links to a central 
point serving an area, and then coaxial cable to user’s premises, hence their description as HFC or 
hybrid fibre/cable networks. The first generation of these systems used a range of frequencies in 
the VHF and UHF bands to send analogue TV signals, scrambled for security. Current systems are 
being upgraded to carry digital signals in addition to, or in place of, analogue signals, with a return 
capability from the user to the network. 
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17 Specific standards for VoIP services have been developed by standards bodies TTC (Japan), ATIS (USA) 
and TIA (USA), building on IETF and ITU standards 
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6.2.2 Services that can be Supplied 
Not all the available spectrum in the cable is in use for TV and radio. In general, some spectrum 
has been reserved for other purposes, and is matched with a return capability from the user to the 
“access unit”.  This spectrum may be used for 

• Circuit-switched telephony18, as in the Optus cable; 
• Broadband Internet access, using cable modems; and 
• IP telephony over the broadband access 

With this technology, the design of the IP network is under the network provider’s control, and IP 
telephony may be provided to the current telephony standard. However, as cable modem networks 
are at present generally dimensioned to deliver the same service levels as other broadband 
access, the quality of IP telephony may be uncertain. A more rigid design standard (with priority for 
voice packets) would be needed to ensure quality. Some cable network operators in the USA are 
arguing for a relaxation of telephony standards for such systems. 
 
6.2.3 Advantages and disadvantages 
If the infrastructure is already in place, this technology provides a relatively easy means for the 
provision of a telephone service alternative to the incumbent’s service. Replanning and additional 
investment in the cable TV access network may be necessary as the use of the network’s IP 
services grows19. Many network operators in North Asia, Europe and North America are 
introducing this “triple play” of entertainment, broadband Internet and telephony. 
 
6.2.4 Deployment of the technology 
At the moment, there are two major Cable TV networks operating in Australia, and two regional 
systems, all using HFC technology. 
 

• The Optus HFC network, providing entertainment programmes, broadband Internet access 
and circuit-switched telephony. 
The network provides coverage in areas of Melbourne, Sydney and Brisbane, passing 1.4 
million homes20 

• The Telstra HFC network, providing entertainment programmes (via Foxtel) and broadband 
Internet access 
The network provides coverage in areas of Melbourne, Sydney, Brisbane, Gold Coast, 
Adelaide and Perth, passing 2.5 million homes21. 

 
A number of HFC networks have been planned in regional areas. Two service providers have 
networks in place with a significant number of customers:- 
 

• Neighborhood Cable has HFC networks in regional Victoria, providing entertainment 
programmes, broadband Internet and IP telephony22.  

                                                 
18 The Optus HFC cable dedicates a band of spectrum both to and from the user to carry  telephony 
channels using proprietary technology from Motorola. This service was introduced by Optus before the 
availability of cable modem Internet access, and is separate from the IP stream now also supported. The 
Telstra HFC cable does not use similar technology. 
19 HFC networks use shared spectrum to provide multiple users with two-way broadband access. 
Commercial success in marketing broadband access may require replanning of the spectrum or even 
rearrangement of the network structure as the original design was optimised for one-way TV delivery. 
20 Optus Investor Briefing – June 23 2003 - 
http://home.singtel.com/investor_relations/investor_presentations/default.asp. A higher figure of 2.2 million 
homes was contained in the Report cited in the following footnote. 
21 Figure quoted in the report of the Senate’s Environment, Communications, Information Technology and 
the Arts References Committee Report “The Australian telecommunications network”, August 2004. 
www.aph.gov.au/Senate/committee/ecita_ctte/tele_network/report/index.htm  
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The network provides coverage in Mildura, Geelong and Ballarat, passing 92,500 homes 
with over 12,000 customers connected in June 200423. 

• Austar has a single HFC network in Darwin to deliver its entertainment programmes. No 
further details of coverage are available, and Austar has indicated it is not likely to add 
other services to the network “at this time”. 
 

Optus’s network already provides competition to Telstra’s telephony services, and the regional 
cable company Neighborhood Cable now has a telephony product. Although it is technically 
feasible to supply circuit-switched or IP telephony and broadband over a cable TV access network, 
commercial considerations can dampen the carrier’s incentives to do so. For instance, Telstra’s 
ownership of the network over which the Foxtel service is supplied and its part share in Foxtel 
means that the network is less likely to be used to supply these services. (IP telephony from other 
providers on Telstra’s cable broadband access would still be possible.) 
 
Only limited deployment of the technology to provide telephony seems likely in Australia – satellite 
distribution, with a lower infrastructure cost, appears to be the current preferred means of 
extending entertainment service delivery, and investment in all optical distribution may be the 
preferred future alternative. 
 

6.3 Optical Fibre Networks 
6.3.1 How they Work 
Optical fibre technology is able to carry very high data rates, and a customer access network 
based on optical fibre would meet all likely business and consumer needs for broadband access 
for a considerable time. 
 
A point-to-point access 
network, with individual dual 
fibres to each user (as shown at 
the left of the Figure 4) is 
technically possible. 
 
The cost of such of a network 
would be high, and it would 
provide bandwidth capability in 
excess of foreseeable demand 
for residential users. Such 
networks are already in place to 
meet the needs of large business 
users24. 

k 

 
PON (Passive Optical Network:  An alternative
and is now commercially available. This technol
premises with more robust and less expensive p
Access Unit to service a group of users, as show
equipment provide data speeds from 155 Mbit/s
 

                                                 
23 From Neighborhood Cable Corporate Information 
24 These networks are generally built with a “ring” co
a cable. 
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6.3.2 Services that can be Supplied 
Passive Optical Network technology enables a service provider to deliver entertainment (to HDTV 
standard), Internet access and telephony, and is seen as a successor technology to the current 
Cable TV systems based on coaxial cable. 
 
All services can be provided to carrier quality – with proper design, congestion in the access 
network and core networks is not likely to be a problem, 
 
6.3.3 Advantages and disadvantages 
The major problem with this technology is the high initial investment required, comparable with the 
cost of the copper access network. Initial plans to role out this technology were announced then 
slowed (or abandoned) with the collapse of the “dot.com boom” and the reduction in available 
investment capital.  
 
The initial use of this technology is in areas of new housing development. As this technology would 
have characteristics very close to a natural monopoly for service to users at fixed locations, there 
would be considerable regulatory questions to be settled before a business case could be justified 
for widespread introduction in areas already served by copper access networks. 
6.3.4 Deployment of the technology 
Standards have been developed, and equipment is available.  In 2003, the three largest local 
telephone companies (RBOCs) in the USA agreed on a joint technical approach to “FTTP” (Fibre 
To The Premises, also sometimes called fibre to the home or FTTH). They have all subsequently 
started commercial trials.  Verizon has been the most optimistic about the technology, and has 
announced that it will provide service to one million homes during 2004.  The two other companies 
(Bell South and SBC) have been reported as considering a hybrid fibre-VDSL technique as more 
cost effective for areas that have existing copper. 
 
In Australia, Telstra has made relatively low-key announcements of FTTP trials to new housing 
estates26, setting aside $34 million for that purpose.  Telstra’s Technology Group Managing 
Director, Ted Pretty, said on 22nd July 200427 that “the total FTTP capital expenditure for network 
equipment -- including cable -- per home passed was expected to come down from 1.5 times the 
cost of copper to about equal within the next 18-24 months” and that “the cost to support FTTP will 
be less than the cost to support traditional copper-based network(s) ……In addition to savings on 
the initial activation, we estimate there will be annual savings from a more resilient and flexible 
FTTP network.” 
 
It has been reported28 that the developer of the Sanctuary Cove housing estate on the Gold Coast 
in Queensland is installing fibre connections directly to more than 1500 homes, with 130 already 
underway and the remainder to be completed by 2006. This fibre is designed to provide up to 500 
Mbit/s (symmetrical) to each home, at a quoted cost of $1950 per home. 
 
In Tasmania, the Government had announced plans to combine an optical fibre roll-out with the 
reticulation of natural gas. The chosen contractor provided optical fibre in conjunction with the gas 
pipeline from Victoria, and the main backbone gas pipeline in Tasmania. It was reported29 that the 
contractor had withdrawn from plans to reticulate the cable to individual households, and the 
Government had purchased the optical fibre. The Premier’s website says30 “The State Government 
has taken ownership of the optic fibre cable that is in the Duke Energy gas pipe trench and which 

                                                 
26 Communications Day on 29 July 2004 reported that Telstra was working with Alcatel and land developers 
in Springfield and Emerald Lakes in Queensland to trial FTTP. 
27 Quoted in ZDnet Australia Online, 22 July 2004. 
28 The Australian IT Section, 9 July 2004 available at 
www.news.com.au/common/story_page/0,4057,10079415%255E15318,00.html  
29 ZDNet Australia, 22 May 2003, archived at 
www.zdnet.com.au/news/communications/0,2000061791,20274746,00.htm  
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will be rolled out to homes and businesses as part of the gas network“. There have been 
indications that the Government has been in discussion with potential participants, but to the time 
of writing there has been no announcement, and the future of the project is unclear. 
 
 
In Western Australia, Bright Telecommunications, a subsidiary of Western Power, announced 
in early August 2004 that it was abandoning a partly completed commercial pilot of fibre to the 
home. Western Power had planned to use the project as ”the major platform provider for Western’s 
new integrated voice, video on demand and high-speed broadband network31”. But, announcing 
the conclusion of the trial, Western Power MD Tony Iannello said ”On the basis of the capital 
requirements and risks involved, Western Power could not justify the ongoing investment in the 
business.”. 
 
There is no doubt that optical fibre to the home, using passive optical network technology, is 
becoming a mature technology, and will be in increasing use for providing service in new areas (for 
entertainment, Internet access and telephony). It will be of increasing importance in the next three 
years, but its introduction is likely to be constrained by the large capital investment involved, and 
mainly limited to areas of new development 
 
Mr Sanjay Gupta of Wave7, suppliers of equipment to Sanctuary Cove, was quoted32 as saying 
“our targets are mainly greenfield developments because with brownfields, there is already 
infrastructure existing”.  
 
In his briefing to analysts previously mentioned, Ted Pretty of Telstra indicated that "aggressive 
industry forecasts" for Australia suggest by 2020, around 6 million households would be served by 
Fibre to the Premises (FTTP) and 2 million still serviced by copper.” He went on to say that "The 
takeout is that fibre is becoming cost-competitive with copper and we should be seeing much more 
of it beginning in the months ahead -- but the transition to all fibre will occur over the next 15-20 
years, not in the short term”  
 
In the absence of strong commercial pressure (or national direction), many incumbents in other 
countries are suggesting a similar time-scale. Others such as Verizon and Korea Telecom who 
have seen much stronger competition from others such as cable network operators have chosen a 
much shorter time to implement. 
 
In Australia, there have not been any investment plans announced to build a FTTH customer 
access network and it is less likely that any such large scale deployment will commence in the 
near term. 
6.3.5 An Alternative - Fibre to the Kerb 
 
As discussed in Annex 2, DSL technology enables broadband access to be provided from an 
Access Unit (for example, Telstra’s RIM or Customer Multiplexer) over copper currently provided 
for telephony use. If the Access Unit is placed near the user (at the kerb, or the end of the street), 
high-speed DSL technologies may be used give speeds close to those from an all fibre network33. 
This architecture may be more cost-effective than full fibre in existing “brownfields” areas with 
copper in the ground. Alternatively, an approach such as that used by TransAct in Canberra could 
be used, with VDSL over specially provided copper access rather than the Telstra copper CAN. 

                                                 
31 Quotes from Communications Day, 12 August 2004 
32 Article cited in footnote 29.  
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6.4 Radio-based Networks 
6.4.1 How they Work 
Customer access systems can use radio to provide the link from a central point to and from the 
end-user. The central point can:- 

• Be situated close to the user, for example in a WiFi “hot spot”; 
• Cover a small to medium area, for example from a radio-base station in a cellular system; 

or 
• Be located remotely from the user, as in a traditional wide-area coverage system such as 

TV transmission, in a high altitude platform or a satellite system. 
 
Different areas of the radio spectrum have different propagation characteristics. As discussed in 
Annex 4, many current radio based systems have been configured on a low power small cell 
approach using spectrum with the following characteristics:- 

• Limited geographic range (for example, lower frequency bands are not satisfactory as they 
are reflected from the ionosphere and can be received a considerable distance away); but 

• not limited to line of sight reception (higher microwave and super-high frequencies do not 
penetrate solid objects, and can be reflected by vegetation such as wet leaves – the higher 
the frequency, the closer the behaviour to that of light). 

 
There is only a limited amount of radio spectrum with these characteristics, and it is in 
considerable demand in areas of high to medium population density. Techniques of spectrum 
allocation attempt to maximise efficient use of the spectrum. The most common approach 
considers spectrum in blocks of a specified bandwidth covering a specified geographic area, 
working within spectrum usage plans developed at the national and international levels. 
 
As an alternative to this block allocation approach to the radio spectrum, a region of spectrum may 
be designated as a “commons” where multiple spectrum uses can be tolerated, generally with an 
upper limit on the transmitted power, and each user must accept interference from other users. 
Technologies that can tolerate interference, or reconfigure automatically to minimise interference, 
can be used within these commons. Examples include bands at 2.4GHz and 5.8 GHz designated 
for ISM (Industrial, Scientific and Military) use which accommodate a range of services from radio 
heating to communications, including the “WiFi” systems discussed below. 
 
Newer radio transmission technologies are now being deployed. Spread Spectrum34 technologies 
allow multiple users to share a frequency band. Ultra Wideband extends this approach by 
transmitting signals across a wide frequency range at low power, slightly increasing the underlying 
radio noise but otherwise (if working as planned) not interfering with existing services. 
 
6.4.2 Services that can be Supplied 
 
Cellular Mobile services provide voice plus data. The latest releases of 3G systems use an all-IP 
architecture to deliver a full range of services, from low-rate text through voice to medium-speed 
video. 
 
Local Area35 services can provide extensions of the public Internet within a dwelling or business, 
or in a commercial location (“hot spot”). These services may provide IP telephony services in the 
same way as any other broadband access, but they are subject to interference and, in public 
locations, possible high network loads. A number of groups are investigating the use of these 
systems for broadband access in rural areas, using high gain antennas and radiated powers higher 
than normally permitted. If there is limited interference in such a location, the low cost of consumer 

                                                 
34 In Spread Spectrum each signal is transmitted in a bandwidth considerably greater than the frequency 
content of the original information (and multiple signals may be combined). 
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equipment should make these a viable alternative for Internet access, though less so for telephony 
use. 
 
Wider Area Services provide the opportunity for customer access over wider areas. In 
metropolitan areas, these systems may use small or medium size cells. In rural areas the service 
area may be only limited by radio propagation limitations. These systems include those based on 
standards such as WiMax36 (or current interim proprietary standards) which can be used to provide 
broadband customer access. 
 
6.4.3 Advantages and disadvantages 
 
For mobility, radio access is essential. Radio has the potential to be used for customer access to 
the circuit-switched PSTN (wireless local loop or fixed wireless access), but it never seems to have 
quite realised that potential37. The high value placed on mobile services by the market has been 
reflected in prices set for spectrum access, in many cases increasing the total cost of radio-based 
systems.  
 
New systems now coming on to the market that provide data and voice access are likely to change 
this perspective, making radio access a viable alternative for at least some users. 
 
Radio-based systems provide a viable alternative technology to current broadband access 
services such as xDSL and cable modems, particularly for regions where the infrastructure to 
support these fixed solutions is not available.  
 
For systems which have been standardised and achieved a mass market, the cost of customer 
equipment can be very reasonable. This has already happened with WiFi equipment, where user 
equipment is now being incorporated as standard in laptop computers by Intel and others. The 
WiMax Forum was established in April 2003 to achieve the same goal with the IEEE 802.16 suite 
of standards. Intel has announced its intention to supply mass-market WiMax electronics. The US 
Consultant Meta has said38 that by 2007 the total capital cost per customer for WiMAX will be less 
than $US240. This will come down further when ”WiMAX emerges as an embedded solution in 
notebooks and PDAs, delivering true portable wireless broadband without external client premises 
equipment”. 
6.4.4 Deployment of the technology 
 
Proprietary versions of these services are now being offered, for example in Australia 

• Unwired Australia is using a pre-standardisation version of IEEE 802.16 equipment to 
provide broadband Internet access to nomadic39 users, initially in the Sydney basin. At 
present they claim40 to offer coverage to 90% of the Sydney population (1.2 million homes), 
with no announced plans for the extension of their service beyond Sydney. They now offer 
broadband Internet access at stated speeds from 256/64 kbit/s to 1024/256 kbit/s to 
nomadic users.  Unwired have announced their intentions to use the same system to 
provide telephony access. Future versions of their wireless modem will contain both an 
Ethernet and a telephony jack, and Unwired has indicated it plans to offer both services by 
the end of 2004. 

 
• Personal Broadband Australia is using proprietary iBurst technology from Arraycom to 

offer a similar service, but designed for both nomadic users and mobile users. The 

                                                 
36 Based on the IEEE 802.16 series of standards now being finalised. 
37 Systems for “wireless in the local loop” have been available for decades, but in Australia have generally 
only found application in specialist areas (for example remote access, very rocky soil and in areas such as 
national parks where infrastructure work is difficult or impossible). 
38 Reported in Communications Day, 16 August 2004 
39 Nomadic – stationary in the one location for each session, but using the service at different locations 
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company indicates41 current coverage of areas of Sydney and the Gold Coast, as well as 
central Melbourne, with indicated service rollout to Wollongong, Newcastle and the NSW 
Central Coast, Canberra, Brisbane and Perth, as well as extension of existing service 
areas. 
The service is being sold by a number of service providers, with an advertised speed of 1 
Mbit/s / 345 kbit/s, and a market positioning as “mobile broadband”. 

 
• TelstraClear is using42 WiMAX type equipment in New Zealand to provide broadband 

access (including VoIP) for business customers. Telstra in Australia has apparently 
recently entered into an agreement to trial Flarion’s wireless mobile broadband system with 
reported43 trials in Sydney and Melbourne and possible use of the technology to provide 
Internet access in remote areas of Australia. The Analyst Briefing included in Annex 6 
refers to Telstra’s plans to carry out “a trial of Flarion services as a wireless broadband 
access product for fixed PCs in situations where cable and fixed copper solutions are not 
available”. 

 
The announced customer pricing for Internet access by Unwired is slightly above Telstra’s ADSL 
broadband pricing, with a premium for the mobile PBA service. (The Unwired telephony pricing has 
yet to be announced). The commercial focus for Unwired and its resellers appears to be simplicity 
of connection, and availability where ADSL may not be possible. 
 

6.5 Powerline Communications 
6.5.1 How it works 
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Figure 5: Powerline Communications              Source: Report to DCITA by PB Associates
 AC power distribution network rivals the copper telephone access network in size. In a similar 
 to the telephone CAN, the electricity access network is able to carry higher frequencies than 
50 Hz power distribution for which it was designed. The majority of the Australian power 
ribution network is pole mounted and liable to radiate high frequency signals44. 
                                           
ww.iburst.com.au  
eport in CommsWorld, 18 November 2003 - 
://www1.commsworld.com.au/NASApp/cs/ContentServer?pagename=commsworld/home&var_el=art&art
1067861544583&var_sect=NEWS&from=home  
eport in www.unstrung.com on 7 July 2004. 
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e widely spaced aerial wires of the power distribution network are “unbalanced” at radio frequencies and 
s transmitters. By comparison, twisted copper pairs carrying the same frequencies for DSL are much 

 likely to cause problems, and in addition are often underground which further minimised interference. 
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Two potential uses have been identified:- 

• Within a dwelling, for distribution over the internal power wiring; and  
• For access to a dwelling, to provide delivery of broadband Internet and other services. 

Figure 5, from a report prepared for DCITA45, shows possible points where the high frequency 
information may be injected and recovered. Most applications use the low voltage transformer 
point, serving 15 to 30 dwellings in urban areas. 
 

6.5.2 Services that can be Supplied 
Several different standards have been developed to provide high speed broadband access via 
powerlines. Internet access is the primary service for current implementations. Telephony may be 
provided as a separate service, or as part of the Internet payload. (Some current systems provide 
packet prioritisation for services such as telephony.). The ITU internationally, and ETSI in Europe, 
have developed standards for broadband distribution using powerline communications. 
 
6.5.3 Advantages and Disadvantages 
Powerline communications are able to deliver broadband access. The current technology is 
claimed to deliver up to 45 Mbit/s, which would be shared by the users connected to the 
distribution point, but this may not be realistic in an operational environment, taking into account 
possible interference. 
 
The Australian Communications Authority, amongst others, has expressed concern46 about the 
radiation that would be produced  in the HF and low VHF radio bands by the technology, as the 
unbalanced aerial lines could radiate substantial interference. There is also some concern47 about 
the susceptibility of the technology to interference created by electro-mechanical and electronic 
devices using the power system. 
 
The report to DCITA suggested that  
“The key technical issues that face PLC systems in Australia are: 
− Capacity of PLC systems 
− Distance (and availability of backbone systems) 
− Network configuration 
− Interference (noise) on the line” 
and recommended that 
“The issue of interference should be addressed at an early stage through comprehensive testing 
and assessments to ensure that PLC systems are designed and implemented in ways that are 
compatible with other radio and telecommunications uses.” 
 
 
6.5.4 Deployment of the Technology 
 
The report to DCITA cites commercial service in Europe (primarily Germany to date) and trials in 
many other countries.  Powerline communications technology over underground power distribution 
and within a building does not create the same level of interference problems (which may explain 
the reasons the technology has been more successful in European urban areas, where much 
power distribution is underground).  
 

                                                                                                                                                               
 
45PB Associates, “Technology Review of Powerline Communications (PLC) Technologies and their use in 
Australia”  25 June 2004. A report to the Department of Communications and the Arts, available at 
www.dcita.gov.au/Article/0,,0_1-2_3-4_119354,00.html  . 
46 See www.aca.gov.au/radcomm/frequency_planning/radiofrequency_planning_topics/bdplcs.htm  
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Skynet Global announced48 on 1 July 2004 that it has obtained permission from the ACA to 
provide powerline communication networks within large residential buildings. SkyNet Global CEO 
Jonathan Soon was reported49 as saying that “The permission will now pave the way for us to 
execute our plan to achieve a national coverage of 500 buildings over the next 24 months covering 
100,000 apartments.” He indicated that the company planned “to offer VoIP and video on demand 
services over the powerline”. 
 
The NSW Power distribution company, Country Energy50, has undertaken technical trials of 
possible use of powerline communications in the New England area, but has not announced any 
commercial implementation plans. 
 
It is likely that broadband powerline communications could be successful in the high-density 
residential market, but until interference concerns can be addressed (if possible) broader 
commercial use seems unlikely. 

6.6 Non-Terrestrial Wireless 
6.6.1 How the systems work 
Radio access from elevated platforms has a long history, but the platforms are generally attached 
to the ground (transmitting towers). Short term access from a moving plane has been used for 
emergency purposes, or wide area broadcasting. Longer term, options giving effective use of the 
radio spectrum include:- 

• Platforms at a fixed position relative to the user, enabling tightly focussed radio beams to 
be used; or 

• Platforms moving relative to the user, with antenna arrangements at the user’s premises 
tracking the platform or multiple platforms. 

 
Systems of this type include:- 

• Tethered platforms (blimps), acting in effect as a high tower; 
• Non-tethered platforms that are designed to maintain a constant location, above the 

troposphere (and above the very variable weather); 
• Low earth-orbit satellites, with many satellites in a system so that service can be provided 

continuously; and 
• Satellites in geo-synchronous orbit that stay at the same position relative to the user. 

 
6.6.2 Services that can be Supplied 
Non-terrestrial wireless can be used to provide a full range of broadband and narrow-band 
services, with some limitations as described below.  
 
6.6.3 Advantages and Disadvantages 
High altitude platforms can use super-high radio frequencies that require line-of-sight access, as 
there is usually an unobstructed path from platform to user. At these frequencies, there is 
significant capacity available for broadband carriage, using frequencies generally unable to be 
used with terrestrial systems (except for line-of-sight links). 
 
Geosynchronous satellites orbit at a distance of approximately 35,790 km above the earth, which 
results in a round-trip propagation delay of approximately one quarter of a second for signals 
travelling to and returning from the satellite. This delay does not present a problem with non-
interactive systems such as television broadcasts, but reduces the performance of common 
network protocols such as TCP/IP51 and adds considerable delay to IP telephony services. This 
may (or may not) be acceptable for use on direct links, but poses considerable problems for an 

                                                 
48 From the newsroom on the Skynet Global website, www.skynetglobal.com.au  
49 Report in Communications Day, 2 July 2004. 
50 www.countryenergy.com.au  
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end-to-end network connection when the delay from other links and routers must also be taken into 
account. More than one such satellite in a connection would prevent the use of the link for voice. 
 
Tethered platforms have two main problems – keeping a constant position with varying weather, 
and the tether itself which is a major problem for air traffic. 
 
Platforms above the troposphere can overcome some of these problems, as long as they are able 
to keep a constant position and orientation on a long term basis. Maintenance and fuel 
requirements may also limit service availability, or require a second platform on standby to cover 
outages. 
 
6.6.4 Deployment of the Technologies 
There are at present no tethered platforms in operation in Australia, and to the best of the writer’s 
knowledge none are currently planned. 
 
There have been many announcements around the world of plans for station-keeping high altitude 
platforms, but as yet no commercial systems are in service. An American Company, Sanswire 
Networks LLC has been developing the Stratellite, a station-keeping platform designed to provide 
a fixed platform at 65,000 feet (about 20 km) above the earth’s surface, covering an area with a 
radius of about 100 km. The company has now indicated52 that it will test the platform in January 
2005, after recent initial tests of the components. Sanswire has licensed the technology to an 
Australian group Sanswire Australia, who are planning to use the technology in Australia53, in 
what has been reported54 as the first commercial implementation of the technology – much detail 
still has to be provided. 
 
Low earth-orbit satellites have not delivered their promise. Many systems were planned, and 
several launched during the 1990s. Following the commercial failure of these systems, it is very 
unlikely that any further will be implemented in the short to medium term. 
 
Geosynchronous satellites are providing telephony access. International systems such as 
Inmarsat, and domestic systems using satellites such as those owned by Singtel-Optus are an 
effective means of providing service in remote areas, and for temporary installations, as well as 
providing direct links in a business network. These systems have the advantage of flexibility and 
coverage, but except in remote areas are unlikely to be competitive in cost, and account must be 
taken of the disadvantages discussed above. 
 
 

                                                 
52 Report at www.businesswire.com/cgi-bin/mmg.cgi?eid=4694976  
53 Report in the Australian Financial Review at www.afr.com/articles/2004/07/21/1090089213684.html  
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6.7 IP Telephony over Broadband Internet Access 
6.7.1 How it works 
 
 
As previously outlined, telephony can be carried over the Internet most of the time, but there can 
be problems as the core network and, in particular, the access network, become congested. 
Nevertheless, as 
examined in detail in 
Annex 5, there are now a 
large number of 
commercial offerings of 
“Internet Telephony” or 
“VoIP” in markets around 
the world, and a similar 
approach is starting in 
Australia. 
These services generally 
use standard telephone 
instruments55 plugged 
into a terminal adaptor, 
which in turn is connected 
to a broadband access 
system. The adaptor converts analogue te
via the user’s broadband Internet access s
the Internet Telephony provider, and then i
Calls from the PSTN can be sent in the rev
signal to the connected telephone to alert t
numbers or, as discussed in Annex 5, give
 
These services are able to be offered over
included in the ISP charge. The quality (an
on the choice of Internet access, which is o
cheerful” broadband access will give “chea
of network (and particularly access networ
requirements for a first telephone, but may

 

6.7.2 Services that can be Supplied
While other services will be provided over 
responsible for providing telephony service
the current telephone may be considerable
 
In most cases the telephony service provid
PSTN, in a number of major centres nation
means that calls can be carried over the In
local call. The underlying cost for local and
termination rate negotiated in the distant n
(based on the examples in Annex 5) likely 

• A basic charge for the service 
• Low cost (or no charge) calls to oth
• Low  cost (possibly untimed) calls t

provider has a point of presence; o
• Replication of the PSTN pricing stru
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A commercial decision may be made for a simplified pricing structure, such a standard charge for 
all calls to the (national) PSTN, or only a fixed monthly charge56. 
 
 
 
6.7.3 Advantages and disadvantages 
The cost to a service provider to provide an IP telephony service over existing broadband access 
is relatively low, by comparison with options that require provision of infrastructure. Customer 
equipment (a telephony terminal adaptor) is available for US$2057 or less, and equipment to 
interconnect the Internet to the standard telephony network is comparable in cost with normal 
telephony equipment. These costs can be increased considerably if there is a need to provide 
”Australia-only” variations, as available equipment has been developed for the global market. 
 
As already discussed. the quality of the service will be variable, but would probably be acceptable 
for use as a second telephone service. 
 
As discussed in Annex 5 and the ACIF NGN Policy and Regulatory Report58, the current 
positioning of Internet telephony in Australia is uncertain. Quality of service is a key issue and one 
that will depend upon the network over which the service is supplied and the protocols used.  
A quality of service acceptable for use as a secondary service would be obtained from most 
networks, but  many of the ways in which IP telephony could be supplied would be unlikely to 
comply with the regulatory requirements that apply to the supply of a standard telephone service 
(as the primary telephone service for a user) 
 
 
 
6.7.4 Deployment of the Technologies 
At present, mass-market IP telephony services are just starting to be deployed in Australia. In 
other countries, acceptance of this service has followed the availability of broadband access, as 
well as the achievement of policy and regulatory certainty. In Japan, with a high penetration of 
broadband and an agreed regulatory structure, there were 3.93 million residential IP telephony 
users59 in late 2003,with a forecast of 27.88 million users at the end of 2007. In the USA, with a 
lower broadband penetration, there are only a relatively small number of current VoIP customers, 
with forecasts of about 1 million by end 2004. Analyst forecasts for acceptance in the USA vary 
widely, with a general expectation that it will become a mass market service from 2005 on – for 
example, the Yankee Group forecasts 17.5 million VoIP customers by 200860. 
 
As described in Annex 5, the pattern of deployment in Australia appears to be following the same 
path as in those countries such as Japan and Korea with higher levels of broadband penetration.:- 

• A number of players have announced small-scale implementation, often to a hobbyist / 
early adopter market, of residential services. 
For voice over broadband  (“VoIP”) recently announced services in Australia have included 

o Engin, from Mobile Innovations (at www.engin.com.au/public/engin.asp ); 
o VCall from Veritel (at www.veritel.com.au/vacallhome.htm ); 
o TPG at www.tpg.com.au/products_services.voip.php  

                                                 
56 This is the case in the USA, which now has a very competitive VoIP market. One supplier, Primus 
Telecommunications, is offering residential users unlimited calling to any non-mobile destination in North 
America and western Europe for US$19.95 per month – see www.lingo.com . 
57 One of the leading ISPs in Japan, Yahoo BB, has been reported as giving away the telephone adaptors at 
train stations to encourage connection to its ISP services. 
58 “Policy and Regulatory Considerations for New and Emerging Services”,  August 2004. A report from the 
Policy and Regulatory Group of the ACIF NGN Project.  Available at www.acif.org.au/ngn . 
59 Keiichiro SEKI, Director,International Economic Affairs Division, Ministry of Public Management, Home 
Affairs, Posts and Telecommunications (MPHPT), JAPAN – “VoIP in Japan, -Current status and Policy 
issues”- available at www.eujapan.com/europe/ictsymposium.html 
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o Faktortel at www.faktortel.com.au  
o Other companies such as Primus have been reported as planning to launch VoIP 

services within the next month. 
o Comindico also previously announced voice over broadband services, but following 

Comindico’s move into Receivership in late September, 2004, it is not clear if the 
new owner(s) will continue with previous plans 

 
Larger-scale commercial implementation of these services is likely shortly – 
as an example, the full page advertisement for Engin copied to the right 
appeared in the Sunday Australian Magazine of 3 October, 2004 offering 
residential IP telephony services over any broadband access. 
 
Larger players have been offering VoIP services to the corporate market, 
both on their customer’s facilities and via IP Centrex. Their representatives, 
working in groups such as the ACIF NGN Project, have shown considerable 
interest in residential services and their potential disruptive impact, but with 
the exception of Telstra they have not yet declared their position. Telstra 
made an announcement to the Australian Stock Exchange on 7 September 2004, and the full text 
of Telstra’s associated media release is contained in Annex 6. 
 
The announcement indicated 

• Telstra is currently conducting technical trials of residential VoIP 
• “Voice over broadband, using Internet Protocol or IP, will be available to Australian 

residential customers in 2005 following the completion of these trials” 
 

7 CONCLUSIONS 
The sections of the Report have shown a number of technologies potentially available in Australia 
that are capable of supporting PSTN Access and Call Services (or supplying services that are an 
acceptable alternative) over the period 2005-2008. 
 
Whether and the extent to which a network that uses these technologies will be a robust alternative 
to the PSTN depends in large part upon the service quality that is provisioned in the network.  Most 
of the networks that have been deployed in Australia to date do not deliver interactive voice 
communications to the current normal telephony standard, but may well provide a service that is 
adequate as a second telephone. Although it may be technically feasible for some networks to be 
enhanced or new networks built to do so, whether this occurs will depend on matters such as the 
development of standards, commercial considerations and the regulatory regime that is 
established in respect of such communications. 
 
In practical terms, none of these technologies are likely to be commercially developed to support 
telephony alone. There are two classes of service/applications that have been covered 

• One class will provide telephony in addition to other services, in particular Internet access 
(and possibly delivery of entertainment services). The current copper customer access 
network definitely falls in to this category. 

• The second class uses existing broadband Internet access (provided by one of the 
available technologies, and probably obtained by the user separately from the telephony 
application) to provide access to a telephony application running over the Internet 

 
Some of these technologies will support all aspects of current telephony services, some will 
support a lesser service in some respects, albeit with other additional facilities, and others will 
support “next generation services’’ with capabilities greater than the current telephone service. 
 
The nature of the current telephony service is likely to change in response to competitive pressure 
from these new technologies, and changes that have already taken place in current technologies 
supporting the service. 
Options for Supply of Telephony Services  October 2004 
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One of the major determining factors of change over the next three years will be user 
requirements, in particular requirements for quality (per-call quality, reliability and availability), and 
the willingness of users to accept reduced quality in return for lower tariffs.  

Options for Supply of Telephony Services  October 2004 
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1 ANNEX 1 – THE PSTN STRUCTURE 
1.1 Analogue Technology 
The telephone was the high technology of the nineteenth century. A carbon microphone amplified 
sound signals and converted them to electrical signals that were direct representations 
(analogues) of the sound signals. These electrical signals were sent via a pair of copper wires to a 
receiver that converted the electrical signals back to sound.  
 
The pair of copper wires was twisted to reduce interference from other sources, and the telephone 
used a special arrangement to allow different signals to travel in each direction over the same 
twisted pair at the same time, with minimum interference.  Signals could be sent over a 
considerable distance, with the resistance of the copper reducing the signal as the distance 
increased, 
 
Wires were provided from each user to a central point (exchange or central office) where the 
connections between caller and called party could be made, with the central point chosen to 
minimise the total infrastructure cost  
 
A site was chosen at the “copper 
centre” of an area, where the 
amount  of copper cable  required 
would be minimised, based on 
current and expected demand. 
 
Exchange areas were relatively 
small (though much larger in rural 
areas). Approximately 5000 
separate exchanges were needed 
to cover Australia (with some remote areas unserved). 
 
The twisted pair for each user 
was bundled in cables 
containing many pairs. Large 
Main Cables from the 
exchange were connected to 
smaller Distribution Cables 
(serving a Distribution Area). 
An individual copper pair (or 
pairs) was provided to each 
user’s premises, and then 
connected to pairs in the 

Distribution Cable and Main 
Cable to a unique point on 
the exchange’s Main 
Distribution Frame (MDF). 
 
Exchanges were connected together to form
provided for each user, which were connecte
path end-to-end across the network, based o
 
Because of the much smaller number of inter
(thicker copper) cables, to keep the overall e
 
 

Figure 7:  The Copper Centre 
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1.1.1 Local and Long Distance Networks 
 

 
Figure 9: Local and Long-Distance Networks 

 
Local Networks were designed to provide an end-to-end path from telephone to telephone, 
establishing a continuous copper pair for the duration of the call. The switches and transmission 
were “two-wire”.  
 
Long-Distance Networks: There was a need to connect Local Networks to enable long-distance 
communication (also known as trunk or toll). The first long distance connections were provided by 
very thick copper wire, but even then transmission loss was very high for distances of hundreds of 
kilometres or more.  The introduction of electronic amplification provided a solution, allowing very 
low loss over long distances. Separate transmission paths were needed in each direction, giving 
rise to the term “four-wire” . At first amplification was used to improve the signal over a single 
circuit, but new technology made it possible to multiplex a number of transmission circuits over a 
single transmission circuit. 
 
Transmission cost was high, and the underlying cost of a long-distance connection much higher 
than the connection in a local network. The introduction of high capacity analogue long-distance 
transmission systems (co-axial cable and microwave radio) reduced the difference, and made the 
introduction of direct dialled long-distance telephony possible. 
 
The telephone exchanges for long-distance switching were more complex than local exchanges, 
with four-wire switching and complex charging arrangements. 
1.1.2 Local and Long Distance – a Clear Technical Distinction 
Local exchanges were relatively simple. Charging was done by incrementing a meter on each call 
when the call was connected. The exchanges were two-wire, switching a single copper pair, and 
inter-exchange transmission was also two-wire. 
 
The long distance network was more complex. Charging was done by analysis of the calling party, 
the called party and the time the call was made, to determine a charge rate, and was timed for the 
duration of the call. The cost of long distance communication was dominated by the cost of 
transmission. 
 
Prior to the 1960s, long distance connections were established by manual connection under 
operator control, and the Australian network consisted of a number of loosely connected national 
networks. The Community Telephone Plan was developed in the mid 1960s, defining a national 
network structure to support national direct dialling (STD). The current network structure of local 
and long-distance is directly derived from this Plan, which in term was based on the technology of 
the 1960s. The technology has had major changes, but the network structure much less so61. 
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1.2 Current Generation Technology 
 
Major technology changes started in the late 1980s, and changed the underlying network. 
1.2.1 The Fixed Network 
 
Exchanges : These now use “stored program control” using computer technology and digital 
electronics, replacing the electro-mechanical equipment used in the previous generation. The first 
types of these stored program control exchanges still used analogue switches, establishing direct 
metallic paths across the exchange in the same way as their predecessors, but this rapidly moved 
to digital control and digital switching. 
 
Transmission: Analogue transmission of electrical signals was replaced by digital transmission. 
An incoming electrical signal was sampled at regular intervals, and the level of the signal recorded. 
This level was then encoded as a digital signal, and sent over a transmission system. The process 
was repeated at frequent intervals. At the distant end, the digital signal was used to reconstruct the 
original analogue electrical signal. 
 
A telephony signal has a bandwidth of approximately 4000 cycles per second (4 kHz), and the 
sampling was made at twice this rate (8000 times per second). The signal value was represented 
by eight digital bits, needing a digital stream of 8 X 8000 bits per second, or 64 kbit/s to carry one 
telephone call. 64 kbit/s is the basic unit for the current digital telephone network 
 
An Integrated Digital Network:  Repeated conversion between analogue and digital introduces 
distortion, because of sampling error. Integrated electronics can be used to provide digital 
switching very efficiently. These two facts meant that a network that was digital end-to-end gave 
better quality at a lower cost. Networks around the world (including the Telecom Australia network) 
were redeveloped as Integrated Digital Networks during the 1990s, with major capital works 
programmes to replace analogue networks. 
 
The Customer Access Network: The digital network provides an end-to-end digital path for a 64 
kbit/s digital data stream across the network from exchange to exchange. It is possible to extend 
this digital path all the way to the user’s premises, and this is used to provide ISDN62 service. 
 
For the large majority of users, the access to the network remains analogue, continuing to use the 
same copper techniques. However, as described below, changes in the network architecture have 
resulted in changes to the access network, particularly in areas with increasing service 
requirements. 
 
1.2.2 Network Architecture 
 
In the analogue telephone network, an electro-mechanical exchange was needed at each of the 
5000 exchange sites. Each exchange would:- 

• Provide support for each user, with the necessary supervision of subscriber63  lines, 
monitoring when the phone went “off-hook”, providing dial tone, receiving dial pulses, 
providing battery for the telephone and providing ring current when there was a call to the 
line; 

• Record call charge information for each outgoing call; and 
• Based on the dialled number, switch the call to the correct point in the network, generally to 

an intermediate transit exchange, but possibly to another subscriber on the same 
exchange. 

 
 

                                                 
62 ISDN is an abbreviation for “Integrated Services Digital Network” 
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In the digital telephone network, these functions can be separated 
• The subscriber functions continued to be provided close to the user, generally at the 

exchange building site; 
• Digital switching needed to be provided, also at the exchange site; but 
• Control (and recording of information such as charging) could be centralised, with a data 

link from the control point to the Remote Switching Stage. 
 
This has a major impact on the network 
structure needed. Instead of 5000 
exchanges (in the pre-analogue 
Australian network) Telstra now has 
about 200 “Local Access Switches” or 
control centres, with the other 
exchanges now only remote switching 
stages64 (Telstra called this network 
structure “FMO” for “future mode of 
operation”). 
 
There have been other significant changes. Digital
separate paths in each direction. As a consequenc
points at each end of the network, there is no tech
distance”, and the one “local switch” is able to han
 
Similarly, there is no reason for the remote switchi
sites. There is no reason why these cannot be plac
to the control point (local switch). 

Figure 11:-  Telstra

As the figure (based on Telstra’s published informa
within the previous Access Network. Telstra has d
(Remote Integrated Multiplexer) and the Customer

k 

                                                 
64 Described in many articles, for example Day, A. and 
Monopoly. Telstra's Future Mode of Operations (FMO) 
Volume 45, Issue 2 
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technology to date has been to serve new areas, replacing the need for new large copper cables, 
and to replace copper cables of inadequate quality66. 
 
1.2.3 Near Future Changes 
Network equipment vendors are starting to make use of packet technology within the inter-
exchange network. The equipment now on offer to network operators is claimed to result in 
reduced capital expenditure (by comparison with circuit-switched digital equipment) and significant 
reductions in operational expenditure67. Companies such as BT PLC, Verizon and Telecom New 
Zealand have already started the move to an internal packet-based network structure, and others 
have announced their intention to move in this direction, though at a slower pace as they have 
relatively efficient circuit-switched digital equipment in place. Ted Pretty, Telstra’s Group Managing 
Director Technology, Innovation and Products, announced in an Analyst’s Briefing on 22 July 2004 
that Telstra would undertake “an accelerated migration to a packet-switched network, including the 
rollout of an IP MPLS core network as a central platform to carry voice and data traffic and support 
high-performance business services68” 
 
At the simplest level, these internal network changes have no impact on the telephony services 
available to end-users. The internal switching and carriage may be packet-based, but the network 
is configured to provide an end-to-end circuit switch connection for voice and voice-like services 
such as fax and data via modem. It is also possible to use a packet-based inter-exchange network 
to carry a range of other services, and this is the basis for the “Next Generation Network” 
structure now being standardised. These changes within the network will be part of the move to 
“NGN”, but as described in Section 6  of the Report the provision of “NGN services” (other than 
voice) between and across networks depends on further development of network and 
interconnection standards. 

                                                 
66 There were unintended consequences when other uses than telephony have been found for copper 
access, as the RIM blocks a DSL path from the central exchange point. 
 
67 British Telecom has target  savings of 30-40% in their “21st Century network” from reduced operational 
expenditure - see www.btplc.com/News/Presentations/ Generalpresentations/21century_network.ppt  
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full report is included at Annex  
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Annex 2 – Digital Subscriber Lines 
 
The copper CAN was designed to pass voice signals of about 4 kHz bandwidth, but the customer 
access network in place in Australia is 
able to pass higher frequencies as 
well. 
 
This fact was used with the first ISDN 
customer transmission systems 
developed in the 1980s, where the 
telephony copper was used to pass a 
data stream of 144 kbit/s in each 
direction69. 
The use of these higher frequencies forms the basis of the different forms of Digital Subscriber 
Line technology (generically xDSL) now providing the main means of broadband customer access 
in Australia. 
 
The available spectrum on the copper pair 
is split to cover the two directions of data 
carriage over the single pair. As the 
diagram shows, the most common 
approach results in asymmetrical transfer 
(hence ADSL). If a copper access line is in 
good condition (which is certainly not 
assured) speeds of up to 2 Mbit/s from the 
network to the user can be achieved with current ADSL standards at average distances in a 
suburban exchange area, and up to 256 kbit/s in the reverse direction.  
 
The arrangements for each access line vary. It would be possible, but commercially impracticable, 
to test each line to determine the maximum speed possible with that access. The alternative 
approach that has been used in Australia (and around the world) has been to use a general 
characterisation of the access network to develop conservative rules about the capability of the 
access network to carry xDSL signals, and use a simple test to check the condition of a line – 
many links that are satisfactory for voice may not be suitable to carry DSL signals, because of 
water leakage into a cable for example.  Current Australian operational standards70 allow for the 
use of ADSL to approximately 4 km from the exchange at typical speeds up to 1 Mbit/s “down” and 
256 kbit/s “up”, with systems able to operate at reduced speed under more difficult conditions. 
Current consumer DSL standards allow continued use of the copper pair for voice-frequency 
telephony, as shown in the diagram above. 
 
There is a range of differing xDSL system standards agreed internationally, some asymmetrical 
(with a greater speed from the network to the user) and some symmetrical (equal speeds in each 
direction). Newer technologies now being standardised have the promise of increasing the 
possible speed, but care needs to be taken because systems using different standards within the 
same physical cable can cause interference.  
 
If the termination point of the copper can be close to the end-user, the loss is less and higher 
frequencies can be used71 than with a system at the exchange. Korea Telecom is now providing 

Figure 12: CAN Capability 

Figure 13: ADSL over the CAN 

                                                 
69 This supports two 64 kbit/s channels, plus one 16 kbit/s signalling channel. 
70 These have been developed as a set  of ACIF network and Operational Codes, agreed by the industry and 
registered by the ACA. Details are at www.acif.org.au/publications/Suites/ull_dsl  
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regular DSL services at speeds greater than 20 Mbit/s, and speeds as high as 100 Mbit/s are 
being planned with new VDSL72 standards.  
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72 VDSL Very High Speed DSL Standardised in ITU-T Recommendation G.993.1. 
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Annex 3 – Internet Operation 
 
The telephone network has been in place for the past century, and the public Internet only over the 
past ten years. Nevertheless, the two networks now are similar in size – according to Australian 
Bureau of Statistics73 figures, in 2003 53% of households accessed the Internet, while the 
percentage of households with at least one telephone has been in the 90% range74 for some time.  
The traffic per user on the public Internet (measured in bits transmitted) is larger than that on the 
PSTN, particularly when the use of the PSTN for dial-up Internet access is removed. The public 
Internet’s faster growth means that in the near future the traffic carried will be significantly larger 
than the traffic generated by the telephone network. Both networks share a common underlying 
transmission network, and it is now Internet growth that is determining the shape and size of the 
transmission network. 
 
 

1.1 Internet Protocol(s) 
The Internet came from academic research funded by the United States of America’s Defense 
Department. This research was investigating the development of robust, survivable 
communications that would still be able to function in the event of the loss of major network 
elements. 
 
Telephone networks establish an end-to-end connection for the duration of a call, in a way 
analogous to a “data pipe” between users. The basic Internet Protocol (IP) that came from this 
research used a different approach, more like a mail system:- 

• A user application (for example, a web browser) assembles information into packets; 
• Each packet is given an IP address that identifies the destination to which the packet is to 

be sent; 
• The packet is offered to a simple data switch or router that analyses the packet’s address, 

compares this with an internal routing table and sends the packet on to a route that is 
identified as able to deliver to that address; 

• The packet is passed across the network from router to router, moving towards the required 
destination; 

• If a path is available, the packet is delivered at its destination. If there is congestion, the 
packet may be queued or even discarded75. 

 
The basic Internet Protocol is “connectionless”, and does not guarantee secure delivery of 
information. 
 
When a IP packet travels across a large network it may pass via many Routers before the packet 
reaches its destination.  The path it takes is not determined by a central source but is a result of 
the routing tables in each Router used in the journey.  Each Router defines only the next hop in the 
journey and relies on the next Router being able to send the IP packet on its way, based on 
advertised routes. 
 

1.2 Internet Operation 
The majority of applications carried by the Internet require much greater reliability than the 
underlying network can guarantee, and need a longer term transfer of information than provided by 
just one packet. 
                                                 
73 www.abs.gov.au  
74 For example, in the ABS supplementary survey of Queensland homes in September 2003, 95.3% of 
households had at least one fixed telephone connection  - www.abs.gov.au  
75 The protocol includes a timer that requires packets to be discarded after a specified period, to ensure the 
Internet is not congested by delayed packets. 
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The major tool that is used to achieve this is a companion protocol, the Transmission Control 
Protocol or TCP, that runs on top of the base IP – the current public Internet relies on TCP/IP for 
most of the applications it supports, although it also supports other protocols such as UDP76 for the 
carriage of single “datagrams” used for applications such as voice where TCP is not appropriate. 
 
Many applications on the Internet also rely on a system of Domain Names that provide Universal 
Record Locators (URLs) more meaningful to humans than IP addresses. There is a system of 
Domain Name Servers (DNS) to map URLs to IP addresses. 
 

1.2.1 A Simple Example 
• If I wish to obtain information from the 

ABC web site, I enter the site’s name into 
my web browser. My computer formats a 
packet containing this name, and sends it 
to the DNS via my ISP’s router. The DNS 
returns the appropriate IP address to be 
included on future packets. 

• My computer assembles part of the information for the web site into a packet (to the maximum 
packet size), and addresses the packet 
with the IP address, indicating that the 
packet is the first in a sequence (using 
TCP). The packet is sent by my ISP’s 
router to another router across the 
network that advertises the required 
destination is available, and then by 
subsequent routers across the network. 
The distant computer and my computer work together using TCP, with an acknowledgement of 
each packet and a request for retransmit if 
a packet is lost. My computer either sends 
the next packet of information or 
retransmits a packet based on the 
response from the distant computer. 

• Packets may travel by different routes 
across the network, may be delayed 
(arriving out of order) or lost entirely. 

 
TCP/IP allows reliable communication for an extended session over an unreliable network, 
at the cost of lower data transfer speed and delay (both of which cause problems for real-
time, interactive services such as voice). 
 
1.2.2 Voice over the Public Internet 
Voice can be encoded as digital data, and can be carried over the Internet. If the voice information 
(or other forms of audio) is unidirectional, then existing Internet Protocols such as TCP/IP can be 
used to give reliable information transfer. 
 
Given the lack of assure quality, reliable transmission of bi-directional, interactive voice over the 
public Internet is not certain. Experience with the telephone network has shown that humans are 
very intolerant of speech delay, particularly when there is echo of speech back to the speaker with 
a discernible delay77. Circuit switched digital signal processing adds to transmission delays, and 
echo control devices are needed with long-distance communication over the current digital and 
previous analogue networks. 
                                                 
76 UDP – User Datagram Protocol 
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Protocols such as TCP that use buffers and retransmitting, combined with the delay caused by 
routers within a transmission path cannot be used to support reliable two way interactive voice 
communication  - interactive voice has to rely on the quality of the underlying Internet. Voice 
requires a relatively low bit-rate, but is not tolerant of delay (latency). Interactive voice over the 
Internet requires a large number of small packets.  
 
Problems such as excessive delay, variable delay (jitter and wander) and lost packets can 
make two-way voice (telephony) unusable over the public Internet at times of network 
congestion. The Internet can be used for telephony much of the time, but not all of the time, 
unless arrangements are in place to support assured Quality of Service. Telephony over the 
public Internet may be acceptable for a second telephone, but is unlikely to meet user (and 
regulatory) requirements as a first telephone. 
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Annex 4 – Radio Techniques 
 
 
There has always been a demand for communication free from the constraints of cable, and 
mobile services have been offered from the earliest days of radio. 
 
The first mobile services were based 
on allocating a band of radio frequency 
to the service, and then subdividing 
that frequency into smaller slices 
(channels) each able to carry a voice 
signal78.  These systems used a 
centrally located antenna which 
transmitted outgoing signals and 
received return signals from mobile 
units. As suitable spectrum was limited, this could 
thousands of users, with quality very variable in are

Mass mobility became possible with the introductio
almost the direct reversal of the previous process:-

e 

• The available frequencies were divided up 
as hexagons on the diagram79. 

• A low power transmitter was established at
on the allocated frequencies 

• A complicated set of technical standards wa
network to interact, to select a channel, to c
another channel in another cell if and when
below a satisfactory level, while the call is in

• For example, a user’s terminal signals to th
receives an indication of an incoming call fr
there is no change to the end of the call. 

• If the user moves out of the cell range (for e
drops and the network and user’s equipmen
in an adjacent cell. This process continues 
the network’s service area (or until a new ch
congestion). 

                                                 
78 The first services were single-duplex - one way comm
conversation by an agreed protocol (for example, “Over
79 Despite this common representation, cell planning alw
never this conceptual shape! 
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n of cellular services. This used a process 
 
into groups that were assigned to a “cell”, shown 

 the centre of the cell transmitting and receiving 

s developed to allow the user terminal and the 
onnect to the network, and to transfer to 
 the signal on the original channel dropped 
 progress, with no loss of conversation. 

e network and is allocated a channel (or 
om the network). If the user stays within the cell, 

xample, a user driving in a car), the signal 
t negotiate to switch to a new channel, probably 

until the call finishes or the user moves out of 
annel is not available because of network 

unication at a time, with the need to discipline the 
” at the end of each section of the message). 
ays varies with terrain and different demand, and is 
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• Because the signals in each cell are low power, the same frequencies can be used a few 
cells away from the original cell. 

• Network designers can change the cell size to match traffic characteristics. In rural areas, a 
cell could be 100 km wide. In the CBD of a major city, cells as small as tens of metres width 
can be used. 

 
This means that the same frequency band that with early mobile systems only provide service to 
hundreds of customers could, with a cellular system, serve hundreds of thousands of customers.  
The requirements of this approach include 

• The need for agreed, interoperable standards; 
• The need for a mass market to enable the large scale electronic integration that delivers 

service at affordable prices; and 
• A high infrastructure investment to provide sufficient cell sites to meet the required demand 

(combined, of course, with good network planning). 
This has now been achieved, to the extent that in many countries there are now more mobile 
telephones than fixed telephones. 
 
Similar low power techniques, but without the complicated hand-over protocols, can be used for 
wireless access systems serving fixed and nomadic users (e.g. WiFi and WiMax systems) 
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Annex 5 – IP Telephony 
 
The penetration of broadband Internet is growing rapidly in all developed economies. Technologies 
such as cable modems (over cable TV systems), xDSL (over existing telephone copper), wireless 
access (over WiFi local and WiMax metropolitan systems) and fully fibre networks all are providing 
IP connectivity to residential and business users. This Annex looks at the provision of telephony 
services over such broadband access arrangements, both globally and in Australia. 
 
There may be argument about the relative position of Australia in the broadband penetration 
stakes, but there is no doubt that broadband Internet access has moved from the early adoption to 
the mass market stage. 
 
As described previously, voice can be carried as another form of data over IP, and voice over IP 
(VoIP) has been used for some time by the educated Internet community. Voice over the Internet 
is now being supported by software packages such as Skype80 (which by October 2004 was 
claiming almost  2 billion minutes of carried traffic), designed to support hobbyist person to person 
connection over the Internet. Services such as Skype are now trialling interconnection with the 
telephone network (SkypeOut). 
Over the last two years, a number of services providing telephony integrated with the national 
telephone network have been introduced commercially.  

 
Figure 16: - IP telephony, integrated with the Australian network 

 
Unlike the earlier hobbyist services (which used software running on personal computers) these 
services generally use standard telephones plugged into a terminal adaptor. The adaptor converts 
analogue telephony and dialled digits into IP packets, which are sent via the user’s broadband 
Internet access and routed over the public Internet to a server of the Internet Telephony provider, 
and then interconnected to the public switched telephone network.  Calls from the PSTN can be 
sent in the reverse direction, with the terminal adaptor sending a ring signal to the connected 
telephone to alert the user. 
 
These services are able to be offered over any broadband Internet access. The quality of the 
telephony service will vary depending on the quality of the Internet access, which is outside the 
control of the service provider. “Cheap and cheerful” broadband access will give “cheap and 
cheerful” results, with little or no service at times of network (and particularly access network) 
congestion, but most of the time the quality is acceptable to good. 
The following table outlines some of the characteristics of the service, and compares these with 
the current telephony service. 
 

 Broadband Internet Telephony “Standard” telephony 
Access Any broadband Internet access. User Copper access network 
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could access from any location 
Quality Variable, best endeavours Generally high quality, with 

regulatory oversight 
Charging Commercially set - generally no 

local/long distance distinction, on-net 
calls free or low cost, calls to PSTN at 
or below local PSTN charge81

Set within regulatory 
framework of local and long 
distance calls. 

Emergency Service Possible when calls are possible – for 
personal emergencies. Not certain 
when network congested (for local 
emergencies). Not suitable as a 
lifeline service. 
Location determination difficult. 

Required. Community 
expectation of availability as a 
lifeline service. 

Legal Interception Standards have to be developed – 
current Internet interception is only at 
packet level. (Regulatory requirement 
still likely to apply) 

Required. 

Numbering and 
Addressing 

Flexible. Many services in USA offer 
multiple telephone numbers for the 
one service in different local 
networks82.  

Based on physical location of 
user’s premises. 

Service definition In Japan, Korea and the United 
Kingdom IP telephony has been 
identified as a separate service, with a 
separate number range, reflecting 
different characteristics. 
 
In the USA, despite being defined as 
an “Information Service”, IP telephony 
uses the same number ranges (and is 
not distinguishable from) standard 
telephony. 

The standard telephone 
service is very well defined at 
the national level, based on 
international practice. 

Interoperability Generally only with the standard 
telephone service, as IP telephony 
protocols have not been standardised 
at this stage – this will be part of the 
standards-based NGN 

Well defined. 

Regulatory 
positioning 

Uncertain – off-the-shelf equipment 
would not meet many current national 
telephony requirements. In Japan, 
Korea and the United Kingdom, the IP 
telephony service has less onerous 
conditions. 
(Many commercial offerings seem to 
have been designed primarily so that 
they do not have to meet telephony 
regulatory requirements.) 

Significant national regulatory 
requirements. 

 
Many commercial broadband telephony services are now being offered, or have recently been 
announced. In other countries (and now in Australia) they are being positioned as second 
telephones, rather than as a replacement for a household’s primary telephone. 
 
                                                 
81 Many USA services are flat rate e.g. $29.95 per month, for local, long distance (and in one case, for 
international calls to western Europe) 
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In Japan and the Republic of Korea, where there is high customer acceptance of broadband 
Internet, IP telephony has a significant acceptance. A new number range has been established in 
Japan and Korea for IP telephony services that do not meet the full service requirements of the 
fixed telephony service. This is based on a three tier hierarchy of services, each with different 
characteristics:- 

• The standard fixed telephone service; 
• The IP telephony service, and 
• The mobile telephony service. 

IP telephony has been used by ISPs in Japan as a “loss leader”, with companies such as Yahoo 
BB providing telephony terminal adaptors at little or no cost. The incumbent telephone company, 
NTT, has been working with IP telephony providers to provide access to and from the fixed 
telephone network, providing gateways from IP to digital voice (with associated control signalling). 
 
In Europe, the move to Internet telephony is less advanced. Such services fall under the 
European Union’s Electronic Communications Service regulatory arrangements, but exactly where 
is not certain, and subject to different interpretation by national regulators. In Finland, IP telephony 
services have been classified as PATS (primary access telecommunications services) with the 
associated set of social obligations of the standard fixed telephone service. In the United Kingdom, 
OFCOM has allowed BT to develop an IP telephony service83 that is clearly a secondary service, 
albeit with strange regulatory consequences such as the inability to place emergency calls under 
any circumstances. 
 
The European Commission is at present conducting a Consultation84 designed to develop a 
consistent approach to IP telephony across Europe. 
 
In the United States of America, over fifty companies have announced IP telephony or VoIP 
services85. These services have been structured to be classified as “information services” rather 
than “telecommunications services” under their Telecommunications Act, and thus escape 
considerable State regulation (and taxes) that apply to local telephony. State Public Utility 
Commissions have opposed this, and the Federal Communications Commission is now working its 
way through the regulatory process86 to provide a national position on VoIP/IP telephony. 
 
Most of the services currently available have been offered by new companies or lower tier 
communications companies. In July 2004, Verizon, the largest local telephone company, 
announced a competitive residential VoIP product87. 
 
In Australia, despite the lack of regulatory certainty (uncertainty about the conditions under which 
an IP telephony service over broadband can be offered, if at all) there have been a number of 
commercial offerings.  
 
The pattern of deployment in Australia appears to be following the same path as in countries such 
as Japan and Korea with higher levels of broadband penetration:- 

• A number of players have announced small-scale implementation, often to a hobbyist / 
early adopter market, of residential services. 
For voice over broadband  (“VoIP”) recently announced services in Australia have included 

o Engin, from Mobile Innovations (at www.engin.com.au/public/engin.asp ); 
o VCall from Veritel (at www.veritel.com.au/vacallhome.htm ); 

                                                 
83 BT Broadband voice – see www.bt.com/broadbandvoice 
84 See http://europa.eu.int/information_society/ 
85 The growth has been such that Dr Paul Rappoport, associate professor of economics at Temple University 
in Philadelphia, has been widely quoted saying “the VoIP bubble is about to burst” [Communications Day, 1 
July 2004] 
86 FCC Notice of Proposed Rulemaking, 10 March 2004  “In the Matter of IP-Enabled Services WC Docket 
No. 04-36” 
87 See www22.verizon.com/ForYourhome/voip/VOIPHome.asp 
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o TPG at www.tpg.com.au/products_services.voip.php  
o Faktortel at www.faktortel.com.au  
o Other companies such as Primus have been reported as planning to launch VoIP 

services within the next month. 
o Comindico also previously announced voice over broadband services, but following 

Comindico’s move into receivership in late September, 2004, it is not clear if the 
new owner(s) will continue with these plans 

 
Larger players have been offering VoIP services to the corporate market, both on their customer’s 
facilities and via IP Centrex. Their representatives, working in groups such as the ACIF NGN 
Project, have shown considerable interest in residential services and their potential disruptive 
impact, but with the exception of Telstra they have not yet declared their position.  
 
On 7 September 2004 Telstra announced in a statement to the Australian Stock Exchange that 
that it would make VoIP services available to its residential broadband customers next year. It said 
it had already begun trialling the service and has committed to deploying a scalable version of the 
technology across its network by the end of 2005. Telstra’s Technology Group Managing Director, 
Ted Pretty, said88 that VoIP is not yet a replacement for Telstra's PSTN network, in which 
substantial investment continues to be made. "Instead, voice over broadband using IP is expected 
to be initially attractive as a second or additional fixed line." He added that initial widespread 
adoption would be limited by service quality constraints on the technology, such as caller location 
for 000 calls, poor user familiarity, and the need for new handsets to access advanced features of 
IP telephony. 
 
As mentioned earlier, Neighborhood Cable is offering an IP based telephony service over its own 
broadband cable network. Unwired has indicated they plan to offer VoIP services in the near 
future to users over their wireless broadband network. 
 
IP Telephony services are already being provided in Australia:- 

• To business users, over the user’s own network and from the public network; 
• To residential users, over network facilities of a service provider (both cable and 

radio-based); 
• To residential users over the user’s existing broadband access. 

The calls made to or from these services would be sent by means of IP Telephony in the 
transmission network and over the access network at the originating end, terminating end 
or possibly both. The number of such services in operation and call volumes will increase 
as the service offerings mature. 
Experience in other countries has shown that  

• Some of the growth will be to meet new demand and some will be to meet demand 
substituted from existing telephony services; and 

• The regulatory positioning of these services89 will be a strong determinant of growth.  

                                                 
88 Quotes from a report by CNET Asia at 
http://asia.cnet.com/news/communications/0,39037080,39192658,00.htm 
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Annex 6 – Recent Telstra Announcements 
 

Report on Telstra Analyst Briefing, 22 July 2004 
 
Telstra prepares wireless, broadband, IP services assault 
Staff writers, ZDNet Australia 
July 22, 2004 
URL: http://www.zdnet.com.au/news/business/0,39023166,39154129,00.htm 
 
Telstra plans to respond in a "measured way" to the competitive threat posed by voice over 
Internet protocol services, with the maximum net revenue effect on the carrier over the next 18 to 
24 months "unlikely to be material" to its traditional voice revenues, senior Telstra executive Ted 
Pretty said today. 
In a briefing to analysts in Sydney this morning, Pretty described the telecommunications heavyweight 
as "well advanced" in plans to deploy in early 2005 advanced soft-switch technology to support provision 
of the latest voice over Internet protocol services. 
"While voice over Internet protocol has been described as a competitive threat for Telstra, the company 
will respond in a measured way," he said. "We believe the maximum net revenue effect on Telstra over 
the next 18 to 24 months is unlikely to be material in the context of our traditional voice revenues". 
Rather, the volume of voice traffic within Telstra's core network carried via packet technologies such as 
Internet protocol would increase gradually over the next three to five years as additional network 
capacity was added and as a means of lowering operating costs. 
The executive, who heads the Technology, Innovation and Products division, said while much work had 
been done over a number of years to prepare the carrier for an Internet protocol future, "Telstra will also, 
as a priority, continue to augment and improve the reliability of the customer access network (CAN) to 
support basic services, as well as the growth in ADSL broadband over the copper CAN. 
Telstra also announced an AU$320 million plan to reduce fault levels in the CAN by systematically 
targeting experiencing abnormally high fault rates. 
"The new CAN spending, which will occur over the next two to three years, will be accommodated within 
Telstra's broad capex guidance". 
The carrier also plans to launch two innovation centres, one in Sydney and the other in Melbourne, 
designed to showcase newly developed technologies and products in a live environment. 
A rationalisation of Telstra's networks and platforms is likely to produce expense savings of AU$110 
million over the next two years. 
Other measures outlined by Telstra to position the carrier to aggressively exploit growth trends in 
wireless, broadband and Internet protocol services included: 

• the launch in the December quarter this year of new GSM-based 2.5G mobile services based on the i-
mode content delivery platform; 

• the forthcoming addition of new voice-activated products such as Telstra Personal Assistant, which will 
allow customers to leverage a network-based address book; 

• a commitment to launch 3G WCDMA consumer services in 2005, either through a paced rollout or an 
infrastructure sharing arrangement; 

• an accelerated migration to a packet-switched network, including the rollout of an IP MPLS core network 
as a central platform to carry voice and data traffic and support high-performance business services; 

• confirmation of the AU$50 million 3G evolution data optimised on Telstra's CDMA network which, when 
launched later in 2004, will allow customers in major cities and some regional centres to with wireless 
broadband connectivity at 300-500 kbps; 

• completion of rollout to 1400 CDMA base stations of 1xRTT -- which affords high-speed data 
• services across metropolitan, regional and rural areas; 
• a trial of Flarion services as a wireless broadband access product for fixed PCs in situations where cable 

and fixed copper solutions are not available; 
• a 12-month program to extend the coverage of GSM and CDMA networks by adding 500 base stations to 

the more than 7,0000 base station already in the networks; 
• an AU$34 million program to extend existing fibre-to-the-home trials to a number of new estates;    
• further enhancements to the broadband DSL network to support speeds of up to 1.5 Mb-plus for services 

up to 4km from an exchange; 
• the successful deployment of the new BigPond e-mail platform with more than 75,000 new customers 

incorporated onto the new platform since 1 July. 
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Telstra Media Release of 7 September 2004 
 
Telstra Media Release 07 September 2004
 
Telstra announces next step in voice over IP to residential customers  
Telstra today announced the next stage of its deployment of voice over internet protocol (VoIP) 
technology. 
 
Voice over broadband, using Internet Protocol or IP, will be available to Australian residential 
customers in 2005 following the completion of technical trials, which are underway, and investment 
in requisite hardware and software.  
 
VoIP has been available to Telstra corporate customers for more than a year.  
 
With the recent growth in residential broadband services, fast approaching one million subscribers 
on Telstra's networks, there is now a mass market base to which voice over broadband can be 
offered.  
 
Telstra announced it had selected Lucent Technologies for its 'best of breed' software and systems 
to proceed with market trials. With this deployment, Telstra will have a VoIP capability which can 
be scaled to a national level as customer demand grows.  
 
The major investment is in 'softswitches' and related media gateways which will see Telstra's 
annual $80 million capex spend on conventional local switching gear be progressively redirected to 
IP switches at lower total costs. (The trunk network already uses similar technology - Voice on 
Packet Core).  
 
Telstra CEO, Ziggy Switkowski, said today: "VoIP is the next technology shaping the 
telecommunications industry, and represents a natural evolution of our network.  
 
"Telstra intends to fully exploit VoIP, building on our lead in the corporate market, and is now 
putting in place the capabilities needed to support mass market development."  
 
Group Managing Director, Telstra Technology, Innovation and Product, Ted Pretty, said: "Telstra's 
investment in this area, through our partnership with Lucent Technologies, will see steady 
introduction of broadband voice, new services like click-to-call, email notification of voice mail, a 
self-service web interface for management of calls and functions, and eventually multimedia 
services such as video conferencing, to customers of our broadband services.  
 
He said: "VoIP is not yet a replacement for Telstra's world class PSTN network in which substantial 
investment continues to be made. Instead, voice over broadband using IP is expected to be initially 
attractive as a second or additional fixed line."  
 
Voice over broadband requires better than entry level (upstream) bandwidth to avoid some 
limitations of quality, needs local mains power, calls to 000 will be marked 'location unknown' to the 
emergency services operator, different key combinations are needed to use some familiar 
features, and some new advanced features will require replacement of existing analogue phones 
with new IP handsets.  
 
Mr Pretty said: "These considerations may constrain widespread adoption in the immediate future, 
but will be extensively tested and addressed during our market trials in early 2005."  
 
Telstra's experience with IP telephony in the corporate market confirmed that this emerging 
technology should add to customer satisfaction through the enormous power of the internet 
protocol and its many functions.  
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"Over time, some conventional circuit switched fixed services will transition to broadband telephony 
(and wireless alternatives), but Telstra's outlook anticipates progressive adoption on a timescale 
allowing us to optimise returns on legacy and future investments," he said. 
 
Pat O'Beirne  
Tel: 03 9634 2864  
Mbl: 0407 041836 
Reference Number: 297/2004 
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