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CHAPTER 4

4.
ACCESS NETWORKS
4.1
Access network
4.1.1
Functional Architecture of an Access Network

A transmission media independent architecture of the Access Network (AN) with the interfaces as the boundaries to other network entities is shown in Figure 4.1.
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- User bearer and User signalling information

UPF
- User Port Function

SMF
- System Management Function

SPF
- Service Port Function

TF
- Transport Function
SNI
- Service Node Interface

UNI
- User Network Interface
Figure 4.1
Example of functional architecture of an access network

The User Port Function  (UPF) adapts the specific UNI requirements to the transport and management functions (termination of the UNI functions, A/D conversion, signalling conversion, activation/deactivation, testing of UNI, management functions, maintenance of UPF, handling of the user network bearer channels/capabilities).

The Transport Function  (TF) provides the paths for the transport of common bearers between different locations in the AN and the media adaptation for the relevant transmission media used (multiplexing function, cross connect functions including grooming and configuration, management functions, physical media functions).

The Service Port Function (SPF) adapts the requirements defined for a specific Service Node Interface (SNI) to the common bearers for handling in the transport functional group and selects the relevant information for the treatment in the AN system management function (termination of the SNI functions, mapping of the bearer requirements and time critical management and operational requirements into the core function, mapping of protocols if required for particular SNI, testing of SNI, maintenance of SPF). 

The System Management Function (SMF) co-ordinates the configuration management information from the Q3 interface to be distributed within the AN functional blocks (UPF, TF, SPF). Further it coordinates/adapts user signalling information and maps it to the transport function of the SN for call control. It also coordinates the fault and performance information within the AN for  protection control. 

Based on the functional architecture of an AN, Table 4.1 contains  examples of interfaces for UNI and SNI.

	Service
	UNI (RP1)
	SNI (RP2)

	IP routing
	Ethernet (e.g. IEEE802.3), 25 Mb/s(I.432.5)
	VB5.1

	ATM switched virtual channel
	25 Mb/s(I.432.5), 155 Mb/s (I.432.2)
	VB5.1, VB5.2

	Video-on-Demand
	25 Mb/s(I.432.5), 155 Mb/s (I.432.2)
	VB5.1

	Switched video broadcasting 
	25 Mb/s(I.432.5), 155 Mb/s (I.432.2)
	VB5.1

	ISDN
	64 Kb/s(I.430), 1.5/2 Mb/s (I.431)
	V5 etc


Table 4.1
Examples of Specific Interfaces for UNI and SNI
4.1.2
 Access Network target structure survey
The primary purpose of developing present telecommunication networks is the intention to migrate to a network architecture offering all services in a cost-effective way over only one access point. Access network architecture, as a part of the whole telecommunication network fulfilling such requirements, is shown in Figure 4.2.
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Figure 4.2
Access Network target structure

The AN supports the transport of information, signalling interactive data and control bit streams between the CPE and the core network. Representing up to 60% of the infrastructure costs of telecommunication networks access technology is the key definer of what services can be delivered to the subscriber, making it the focal point in the quest for revenue and profit. In 1996 the access network accounted for 6 billion USA $ of telecommunication business world-wide. It is growing at an average rate of approximately 27% per year. By the year 2000-2001 it will have a value of about 19 billion USA $. In other words it will more than triple in five years. Due to that reason, it is necessary to pay a special attention to the access segment of the telecomm network in the process of telecommunication infrastructure modernization in developing countries. 

The key point of this new network architecture is Access Unit (AU). The AU is a generic platform for different types of distribution technologies and services and connects the AN to the nodes of different core networks (data networks or the PSTN). Every model of the AN uses a special AU, which is composed of four functional sub-units: distribution unit (DU), switching unit (SU), control unit (CU) and interface unit (IU).

Such an AN architecture has three distinctive features:

1. A common interface between the distribution units offering the narrowband and wideband services and the control unit: This service independent interface, called Peripheral Core Interface (PCI), allows, on the one hand, a flexible fully interchangeable connection of different distribution units to other functional units within AU. This facilitates an individual upgrade of the equipment in the field according to the customer’s needs. On the other hand it also allows an independent evolution of the control unit, switching unit and interface unit and the distribution units offering different services. For broadband services a similar interface based on ATM is applied.

On a logical level the PCI is designed to be generic for all narrowband and wideband distribution units, i.e. independent from the services and interfaces like POTS, ISDN BRA and PRA, and leased line services. They can be mapped on the basic format of the PCI interface. Therefore, one PCI consists of a set of 64 kbit/s channels, which can be combined depending on the service type. 

2. A common control platform for all the distribution units: This common platform, called Peripheral Control Platform (PCP), contains the basic control hardware and software parts that are common for all distribution units. Only the service specific parts are different. This concept makes it easier to add new distribution units and service types. Only the service specific parts have to be newly implemented, while the basic platform can be reused. Also the upgrade of common parts has to be done only once for the entire system. Thus, development cycles are shortened and the system stability is increased. Such a common control platform offers in generic way, intelligent functions of the AN for all the different distribution units such as administration, database handling, system maintenance, call processing support, error treatment, message handling, recovery handling, routine tests.

3. A control platform for the control unit being derived from a central switch control platform: Thus all the sophisticated features available for the switch platform are available for the AU. Only the hardware is scaled down due to the smaller performance requirements. 

The new concept of the AU enables the offering of services and Telecommunication Management Network (TMN) facilities in a modular way, independent from the distribution media. In other words, the concept offers the flexibility of changing the distribution media without changing the equipment and the TMN operation system. Also, a simple expansion is possible in terms of new services or in terms of adding customers to existing services. These are key advantages due to the changing environment and the difficulties to get precise forecasts of the future service needs. 

According to the consideration that future needs for transmission capacity requirements can reach 1 Gbit/s for the size of access area in terms of the number exceeding of about 2000 homes, such a network has to be served by one AU. Due to different access models the AU has to be suitable for the indoor as well as for outdoor applications.

As distribution media, applied technology and type of services define a particular model, a separate distribution sub-unit (DUI = 1, 2, ... , 6) is provided in AU for each of them. It must be stressed that the only functional sub-unit dependent on the applied model is the DU. Other functional units in AU are general and common for all models. New services are a major driving force behind the evolution of the existing telecommunication network towards creation of the GII, in the part of AN. Due to that reason it is necessary to define and develop other alternative models, because it is clear that there is no single solution to the diverse needs. As a result of analytical research six AN models, according to the used transmission technology, primarily oriented towards provision of multimedia services for developing countries, have been defined.

MODEL 1: Provision of services over existing infrastructure 

In the existing networks with infrastructure based on metallic cables the customers for telephone, leased lines and N-ISDN services are connected to AU through DU1.

DU1 characteristics has to be:

· based on Recommendations G.702, G.703, G.730, G.740 and G.750 series for PDH transmission systems,

· fulfil Recommendation I.430 (transmission bit rate 192 kbit/s, line code 2B1Q), for Basic Access and Recommendations I.431 and G.730 (transmission bit rate 2048 Mbit/s, line code HDB3) for Primary Access for ISDN concept.

MODEL 2: The use of ADSL/VDSL to provide video bandwidth over copper pairs A possible way to increase the bandwidth and capacity, with the existing infrastructure is to use ADSL/VDSL technology through DU2.

ADSL technology enables the distribution of high-speed services over the existing twisted pair copper network without regenerators. Then in DU2 new modulation (DMT - Discrete Multi-Tone, QAM - Quadrature Amplitude Modulation, CAP - Carrierless Amplitude Modulation) and line code techniques (AMI, 2B1Q, HDB3) are used to support asymmetrical transmission between 1.5 Mbit/s (max. distance 5.5 km for conductor diameter of 0.5 mm) and 6 Mbit/s (max. distance 3.6 km for conductor diameter of 0.5 mm) in the downstream direction and upstream control channel of 16 to 640 kbit/s (6(. The ADSL will mainly be applied to distributive and interactive VoD services (it allows simultaneous viewing of two different video channels with MPEG1 compression or one channel of NTSC quality video with the forthcoming MPEG2 standard). If VDSL technology is used, DU2 has to be able to carry higher bandwidth services up to 50 Mbit/s (downstream) on short lengths (typically a few hundred meters).

MODEL 3: Provision of services over fibre cable networks using B-ISDN
In cases where there is no infrastructure based on copper cables or where investments in new infrastructure are economically justified, it is necessary to employ optical fibre cables as distribution media. This enables the application of FITL technology (Passive Optical Networks, PON, or active star structures). In that case for provision of voice/data/video services, principles of B-ISDN are used. The DU3 sub-unit is designed for such situations.

For delivery of POTS and ISDN services in the FITL concept PON came to the forefront as a solution to the needs of the local AN. In that case DU3 has to be capable to receive up to 16 ( 2,048 Mbit/s (480 is max. number of 64 kbit/s  access channels) according to Recommendations G.703, G.704, G.732 and support a Byte Transport System operating at 20 Mbit/s, over two single mode optical fibres (operating wave length range 1260 -1360 nm, fibre specifications ITU G.652). For the optical transmitters, due to economical reasons, Fabry-Perot-Lasers (-7dBm sensitivity) and for the optical receiver PIN diodes (-40 dBm sensitivity at BER of 10-9, 27 dB dynamic range) are used. Maximum remote controlled CPE distance is 20 km.

MODEL 4: Hybrid fibre/copper access scenario
If the telecommunication infrastructure is based on optical fibre cables, the distribution of interactive video and multimedia services is provided by DU4 (configurations HFC and FTTC, FTTH through Broadband PON-BPON, are acceptable for CATV operators and local exchange carriers, respectively). The provision of broadband services requires AN enabling bi-directional asymmetrical communication of interactive type. For the HFC solution, most used in modern AN networks in near future, DU4 consists of a set of devices for two-way transmission (an optical transmitter, DFB-Laser, for downstream path 47 - 860 MHz and one optical receiver, PIN diode, for each upstream path 5 - 30 MHz). The typical values for the DU4 are shown in Table 4.2.

	
	DOWNSTREAM PATH

	
	Frequency range
	MHz
	47 - 862

	
	Amplification
	dB
	15 - 34

	
	Impedance
	(
	75

	
	Return loss
	dB
	>20

	
	Amplification regulation
	dB
	0 - 20

	
	Equalization band 
	dB
	0 -10

	
	Output separation
	dB
	>20

	
	RF output level (60 dB)
	dB(V
	95 - 121

	
	· for FTTB
	dB(V
	63 - 82

	
	· for FTTC
	dB(V
	110

	
	S/N factor (max)
	dB
	8

	
	Crossing current
	A
	5

	
	Power supply
	V
	25 -60 (remote)

220 (local)

	
	UPSTREAM PATH

	
	Frequency range
	MHz
	5 -40 (30)

	
	Impedance
	(
	75


Table 4.2
Distribution unit features for HFC

MODEL 5: The use of the Radio In The local Loop (RITL) 

RITL technology for telephone services is becoming more and more important. Wireless communication offers very short installation times compared to wired connections. Local mobility is another important customer feature and this approach is also suitable for rural areas with a low customer density, where wireless access is more cost effective than wired. RITL access is made through DU5. DU5 characteristics depend on customer mobility and density, in selected areas RF band utilization (depends on regional specific regulations), channel capacity for transport, customer access method, type of service provisioning to the customer, etc. (for more details see section 4.2).

MODEL 6: Access using satellites
If satellites are used for distribution of services to a greater number of customers it is necessary to use DU6. Digital technology will be used in the future for delivery of voice, data, and video services using satellites. The application of digital transmission and Ku band makes possible the use of  small diameter antennas and it eliminates distortions and failures (interference, reflection) which are typical for analogue transmission. Due to these reasons, DU6 must provide digital processing, compression, multiplexing, encoding and QPSK (Quaternary PSK) or QAM modulation (see more in Fascicle 1, Chapter 2, section 2.4.) 

The IU is the common sub-unit for all the above Models and has a task to provide all necessary adjustments to connect AU with the transmission network and it comprises the whole range from plesiochronous digital hierarchy to SDH and ATM in an integrated manner.

Progress in technology and evolution of existing specialized networks into integrated services network affects the upgrading of the switching systems (in construction and performances to achieve lower prices). The SU is expected to provide the application of existing and future switching systems in AN in order to simplify design, manufacture and, especially, operation. It is divided into two parts: narrow band part providing bit rate of n ( 64 kbit/s and ATM part designed to allow the switching of channels with any bit rate. The main use for ATM is seen for interactive multimedia applications.

The CU is intended to support collection, transmission and processing of the AN data upon which the decision of the AN management can be based aimed at utilizing network elements to a maximum possible extent. The main management functions that CU has to provide are:

· Fault management is the set of functions enabling the detection, localization, isolation and correction of abnormal operation of the AN and its environment. It provides facilities for testing of equipment upon elimination of failure.

· Performance management supports functions which evaluate and report upon the behaviour of the telecommunication equipment and the effectiveness of the AN or AN element.  The key element in performance management is the measurement of performance, because it is important for an efficient AN management to have the information about degraded operation of equipment in the AN elements in order to take preventive actions. Its role is to gather monitoring and correcting data of the AN elements. These data are used for AN quality of service and network element alarm criteria evaluation.

· Configuration management includes all functions necessary to bring elements of the AN into service, without installation, control the state of the network element (in service, out of service, stand-by), faulty equipment blocking and testing of newly installed equipment. 

TMN controls the complete infrastructure of the whole access zone. Its main function is to provide control and monitoring over different services regardless of distribution media in a unified manner. Control units are installed in each network functional part. A CU in AU is connected to TMN via Q3 interface with the associate protocol.

The physical interface in a reference point RP1 (between internal equipment on customer premises and AN) has to provide terminal equipment connection for CATV, B-ISDN (ATM), N-ISDN and PSTN. The NTI = 1,2,...,6 terminates the AN providing different access functions dependent on the distribution media used, but it must be service independent. In a reference point RP2 type of physical interface is V5.x (for services realized using SDH ring structure). At  the beginning the V5.1 interface will play a significant role. Later the V5.2 interface will be used allowing statistical concentration within the AN and reducing the transport capacity needed for the transmission network.

4.1.3
 An Approach for Implementation scenarios 
Many different scenarios can be applied for the deployment of AN architecture ranging for high-density urban areas through the suburbs and rural communities. They depend on approved development policies such as:

· New operator: the main goal in this scenario is to provide services as rapidly and cost effectively as possible. This scenario is becoming very important especially in developed countries.

· Expanding capacity: new demands for services can arise in developed networks. However, this scenario is typical for undeveloped areas, urban or rural, in under developed parts of the world.

· Rural area: in rural area 90% of customers are typically located within few kilometers of the exchange. The other customers are either clustered in small village clusters or a single customer at distances up to 25 km from the local exchange.

Therefore, it is extremely important to work out criteria to be used as a basis for estimating the appropriate time to start implementation projects of a particular AN scenario taking into account:

· communication technologies level in the country

· acceptable service cost for customer.

The number of main telephone lines, TV sets, personal computers and CATV customers indicates the communication technology level in any country (each per 100 inhabitants). Analysing and comparing the data in developed countries and in developing countries has shown that the right moment for the implementation of multimedia services is when the telephone density is 40 and when PC density is 14 as minimum. For the video on demand services implementation it is necessary to have 30 TV set density, while, at the same time, the CATV customer density must exceed 10. 

It is difficult to determine the charges that have to be paid by customers for new broadband services to the main network operator. However, for estimation purposes, monthly telephone charge paid by residential customer in a country may be used as a starting point. In high income countries it ranged 8 - 22 US $, in middle income countries 0.4 - 13 US $ and in low-income countries 0.5 - 5 US $ for 1995.  

As multimedia and video on demand services are very attractive for customers who are ready to pay the cost of such services their cost compared with the cost of telephone service should not be higher than double or triple telephone service cost. 

Additionally, for an appropriate decision, an estimation of the cost of each technological solution should be identified. For the copper pair solution in developed countries, in rural areas, the cost of the AN is about 1200 - 1400 US $ per subscriber (digging, material, joints, commissioning). In cities the AN is always installed by the PTT and the average cost of the network in urban areas is 500 - 600 US $ per customer (this cost also includes the cost for the ducts).

The cost of new technologies is reduced year by year as the amount of production is increased. A rough cost estimation (prices for 1995) is given for PON FTTC and PON FTTB configuration and for RITL which are the most attractive technologies for the residential customers (see section 4.2. of this Chapter). The cost is for provisioning POTS (90% penetration) and ISDN (10% penetration services).

FTTC (ONU=32 equiv. telephone lines):
600 (urban) - 1200 US $ (rural)

FTTB (ONU=32 equiv. telephone lines):
500 US $ (urban)

RITL (DECT):



400 (suburban) - 500 US $ (rural)

Due to economical and technical reasons, the implementation of the AN target architecture must be done in phases. Based on analysis of the following aspects of the current situation 

- in the core network,

- in the access network, 

- in the CPE area,

- in the neighbouring countries, 

- concerning existing services and available human resources for applying new technologies which should be used ,

a possible implementation scenario which can be suggested for developing countries is shown in Figure 4.3.


Figure 4.3
Access Network target structure implementation scenario

In the first phase it is assumed that the implementation of digital transmission and Common Channel Signalling (CCS No 7) has been completed, which means that two main preconditions for the realization of N-ISDN have been fulfilled. It enables the distribution of services over the existing infrastructure by using Model 1 and it takes a relatively short time for its particular application. The forecast time duration for this phase is one year. In the second phase, even in cases when the existing infrastructure built with metallic cables is developed and modern, the transition to FITL systems can be foreseen. In addition to high bit rates, the implementation of these systems makes it possible to plan transmission networks in a new manner. In the case of realization with SDH transmission systems, the transport through transmission network can be organized in three layers - national, regional and local, which drastically reduces the number of switching levels. At the national level, PON networks are convenient only for a limited use (in areas with high population density), while utilization of active FITL systems is recommended for future solutions due to migration of services towards B-ISDN. As optical fibre cables are built in the national network in this phase, besides Model 3, for distribution of services on the last 500 m to the customers utilization of ADSL/VDSL technologies - Model 2 should be used. In cases when there are customers willing to pay for fast realization of such demands for distribution of services, RITL technology Model 5 shall be used. The experience of developed countries, points to the necessity of trial projects, which provide necessary experience for both operator and customers and enables the restructuring of the domestic telecommunication equipment industry. Therefore, a three-year time period for the second phase is anticipated. 

By analogy with telecommunication infrastructure built up of metallic cables, and when it is built up of optical cables, it is usual to define two levels of AN: the primary AN (the part between local exchange and distribution point) and the secondary AN (the part between distribution point and customer premises). 

In the next, third phase, it is foreseen to provide implementation of FITL systems in the primary AN. The results of trial networks world-wide shows that in areas with higher population density (assuming 100 000 customers and switched video service) it is possible to achieve a cost of 1437 US $ per customer in active double star with splitter network architecture (according to the ITU data, estimated investment per main telephone line is 1500 US $) (13, 14(. It is assumed that this complex task can be accomplished within five years. Upon the completion of this phase, implementation of optical fibre cables in the secondary AN (FTTH) would be possible. It means, that Model 4 can be used for the distribution of services in the AN over the entire country territory. As well as development of FITL systems, in parallel, big investments are being made today in development of satellite communications. Because of that, it is difficult to predict now, but it is not impossible to expect, that in the course of eventual application of the proposed scenario, the provision of services using satellites (Model 6) could be available on economical basis. The deployment of Model 6 enables the realization of the strategic target of telecommunications (GII) within the shortest possible period.

4.1.4
ITU-T Standards

The following ITU-T Recommendations are important in study of Access Networks: 

· Rec.G.902, Framework recommendation on functional access networks (AN), Geneva, January 1997.

· Rec. I.375.1, Network capabilities to support multimedia services: General aspects, Geneva, June 1998.

· Rec. I. 375.2, Network capabilities to support multimedia services: Example of multimedia retrieval service class-Video0on Demand service using an ATM based network, Geneva, June 1998.

· Draft Rec. I.375.3. Network capabilities to support multimedia services: Example of multimedia distribution service class, switched digital Broadcasting (SDB) 
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4.2
WIRELESS ACCESS
4.2.1
Introduction
Wireless access to telecommunications networks has undergone revolutionary changes over the past few years, due in no small part to the rapid advances of radio technology since the commercial introduction of mobile cellular technology in the 1980s.

Despite their historical development from common threads of technology, for the purposes of this section a distinction is made between mobile telecommunications and wireless access. Wireless access is defined here as the use of radio to connect users from essentially fixed locations to networks of various kinds. We exclude from this definition the vast realm of mobile telecommunications that allow end users to move over considerable distances at considerable speed. These systems typically have switching functionality included. Access-only systems do not. Also excluded from discussion in this section are general-purpose transmission systems that may be used for access but are not exclusively designed for it.

By most accounts, fixed wireless telecommunications are headed for explosive growth. The industry had sales of USD $103 million in 1998 and can be expected to grow to USD $8 billion in 2007, according to Pioneer Consulting [New York Times, June 14, 1999].

Fixed wireless access systems can coexist with mobile systems in a given area without problem if the radio spectrum needs of both are met. Indeed some (but not all) modern digital switches now have the capability to serve simultaneously as the MSC (Mobile Switching Centre) of a cellular mobile system and as the local exchange of a wireline and/or fixed wireless system. In some currently available product configurations, an MSC can support connections to mobile base stations and simultaneously support V5.2 connections to WLL systems. With increasing deregulation, regulatory agencies may allow, and operators may find attractive, the offering of both fixed and mobile service. The fact that both may be implemented simultaneously on the same switch, and both may be wireless, makes this combined service business particularly attractive. This convergence of fixed and mobile service offerings is predicted by some analysts to be a major trend over the next few years.

Most of the wireless access systems of today bring users access to a circuit switch, but we are now seeing of the emergence of products that brings users direct access to packet switches at various data rates.

Compared with any other wired technology, which needs the implementation of ducts or poles, the radio technology is, without doubt, much easier and less costly to install. But to these major advantages for the operator, some others as much more important can be added.

Those are:

- the concentration role of the base stations which, for the same number of subscribers necessitates fewer infrastructures,

- the inherent flexibility of the radio to automatically adapt the resource (number of radio circuit) to the traffic demand,

- the interest for the operator not to plan from the beginning where and who (residential or business) will be its future customers and therefore not to install unnecessary supplementary infrastructure (cables, ducts, poles ...etc.) which may never be used,

- the possibility for the operator to propose an immediate connection to any potential customer located within the coverage of the radio base station,

- in some cases, the possibility for the end user to acquire and install by himself its own radio terminal equipment,

- the possibility for the end user to connect and use the same subscribers terminals (telephone set, facsimile, answering machine, modem ...etc.) as on the wired network.

Regarding the two last points, it should be noted that service quality and performance are the key factors for the success of the Wireless operator. In any case, the subscriber does not know or even more does not care about the technology used on the network, like he does not know and care when he set a call across continents whether the service is provided via satellite or sub-marine cable or whatever technology.

The only important factor is that the service and the quality of service is of the same level or better as the one he uses on the wired local network.
4.2.2
 Basic categories

Under this definition of wireless access, we note the emergence of a number of different applications and classes of product, based in part on the data speed they require or support. To categorize applications and products in such a rapidly evolving field is at best an instantaneous snapshot of dynamic movement. There exist and there are emerging products that arguably can fulfil more than one classification. Many of the low-speed access products of today promise to evolve into high-speed products tomorrow. Undoubtedly there exist, or will soon emerge fixed wireless access products that do not fall into any of these classes. But to understand their extent and potential, it is nevertheless helpful to enumerate the basic categories of fixed wireless access systems from a user's perspective as they exist today.

Five such Wireless Access categories and applications are the following:

1) Wireless Local Loop (WLL). This is the use of wireless access as a replacement for the final wired loop from a PSTN to residential and business subscribers located within a few kilometers of a telephone exchange. Typically these wireless systems support voice and low to medium speed voice band data calls today, and promise to support much higher data rates in the future. Typically these systems operate in the 1.9 GHz and 3.4 GHz bands, although some systems use the 800 MHz mobile and other bands. The subscriber density and coverage supported by these systems vary considerably. The most advanced WLL systems today can support the coverage, the traffic and the subscriber density needs of highly urbanized populations, as well as those of rural areas.

2) Long Distance Wireless Access as a means to provide telephone service to residential and business subscribers who are located at considerable distances, up to hundreds of kilometers from the local exchange. This application is often denoted as Point to Multipoint (PMP), because it uses radio to connect a single point (the local exchange) to many points (multiple terminal stations to which subscribers connect).  Microwave radio systems for this application often operate in the 500MHz to 2.5 GHz frequency range. Satellite systems that provide fixed wireless access are also now being deployed. Typically these are deployed in very remote areas where ground-based wireline or wireless systems cannot be economically deployed.
3) High Speed Packet Data Internet Access. This class of products is used to provide end users with very high-speed wireless data access (circa 1 to 2 Mbit/s) to data networks, including Intranets and the Internet. These systems use licensed bands such as 1.9 GHz and 3.4 GHz
4) Wireless Broadband Access for short range but very high-speed data (tens of Mbit/s) for businesses or public institutions. These systems generally operate in recently opened bands in the10 GHz to 42 GHz range and can provide access at distances up to approximately 25 kilometers.
5) Wireless Local Area Network Access using radio to replace the cables of standard private local area networks. These systems can use unlicensed frequency bands, such as 2.4 GHz.  They are typically intended for indoor use. Some systems offer outdoor radio adjuncts in order to link nearby buildings.

The remainder of this section discusses these applications in greater detail. Emphasis is given to the first two, the most widely deployed applications of wireless access, now providing telephone service to several million subscribers worldwide.

4.2.2.1

Wireless Local Loop
The term « Local Loop » is generally used to mean all, or the final part of the access networks (primary and secondary), but the definition of the « Local Loop » depends usually on the structure of the network and on the cultural origin.

To remove the ambiguity, we will use the term « Local Loop » for the « Access + Distribution» networks.

The term « Access » sub-network is used to describe that part of the network between the subscriber premises and the first point of geographical distribution or circuit concentration.

The term « Distribution » sub-network is used to describe that part of the network between the first point of geographical distribution or circuit concentration and the Local Exchange. 

The distribution or concentration point may not exist if the « Access » sub-network is directly connected to the Local Exchange.

So far, the reference point between the « Access » sub-network and the « Distribution » sub-network is not fixed and varies according to the network architecture and the Local Loop technology.

This also means that different technologies may be used for each of the two sub-networks. Hence, hybrid wired/wireless or wireless/wired combinations may be set up. A lot of configurations are possible. These will depend on topography, performance, services, costs, regulatory and environmental constraints, operator strategy, etc.

Figure 4.4 illustrates this Local Loop definition.




Figure
4.4   Local loop definition
Cellular based Wireless Local Loop, the use of radio to replace the final wired loop from an exchange to subscribers’ premises, has been widely deployed only over the last three years. Driven by the many advances in radio technology and manufacturing process commonly associated with the mobile cellular industry, wireless local loop has recently become an economically attractive alternative to traditional wired outside plant. For operators of telephony networks, outside plant often constitutes the major capital expense. As shown in Figure 4.5 and Figure 4.6 the choice of WLL can impact over half of their typical investment expenses.  The cost advantage that WLL offers over traditional wire fixed line can thus have a major impact on a service provider’s bottom line.
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Figure 4.6   The wireless investment curve

Although modern WLL technology shares some aspects of the common architecture of mobile systems, cellular technology, sectorisation, frequency reuse, low power, etc. the best of WLL technologies and products do not share the shortcomings commonly associated with today’s mobile cellular telephony. 

Mobile cellular networks, by their very nature, must spend considerable processing resources on the tasks of tracking the geographic location of users, and allowing their dispersion to undergo rapid dynamic change. With fixed subscribers, such tasks are not needed. The location of subscribers does not undergo dynamic change. Because the direction of a subscriber relative to a serving base station is fixed, WLL antennas may exploit the benefits of directionality. The best of WLL technologies and products can therefore provide significantly higher subscriber densities, higher call capacity and better quality of service than their mobile counterparts.  Mobile cellular systems generally must compromise on voice quality by sampling voice at rates such as 8 or 13 Kbit/s.  Purpose-built WLL systems often use higher sampling rates such as 32 or 64 Kbit/s yielding toll grade voice quality.

WLL systems are attractive as an alternative to wireline access because they generally can be deployed much more rapidly and at lower cost, yet provide equivalent or better service.

To be a true commercial substitute for wireline, WLL systems seek to provide transparency. WLL is most attractive when it behaves in a similar manner to high quality wireline telephony, but at considerably lower cost. This means that the dialling procedures, the voice quality, the access to and behaviour of subscriber supplementary services and the call set-up time closely match those provided by high quality wired lines. 

The best of WLL technologies and products available today achieve excellent transparency, both for analogue as well as digital (ISDN) telephone service. Indeed, the highest complement that can be paid to a WLL product is for a typical end user not to be able to detect that a call is using a WLL line without visually noting the presence of an antenna.

Because WLL operates as a public outdoor radio technology, to reduce interference it must operate only in licensed radio bands. The exact frequencies under which WLL systems operate are therefore controlled by national, regional and international regulatory bodies. Public telephone service providers seeking to operate WLL systems generally must apply for radio spectrum in the locations in which they wish to operate. Common operating frequencies of modern WLL systems are in the 1.9 GHz and 3.4 GHz bands. 

With many different WLL radio technologies on the market and systems with different qualities of service and different levels of transparency, there is a hesitancy by some operators to adopt WLL. But as the industry undergoes its inevitable shakeout, it is likely that WLL systems will become more standardized and generic, just as wireline technology is commonly perceived to be.  Those WLL systems that are merely mobile cellular with the mobility turned off are pressured now to improve their transparency with wireline. Purpose-built WLL systems, which already have good transparency, are pressured now to standardize and align their operations and management systems with the rest of the network.  Most significantly, the demand of operators that WLL systems support ever higher data rates requires vendors to continually evolve their systems. All these factors assure that we are likely to see both price declines and expansion of functionality in WLL systems as they continue to be deployed in the years ahead.
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Figure 4.7   Wireless Local Loop in the Republic of South Africa

(Note the solar panel to power subscriber equipment)

In terms of markets, WLL equipment vendors have so far found their greatest successes in the teledensity application. This is the use of WLL as a means to expand rapidly and economically the number of telephone lines in a given location, providing basic telephone service in areas that previous had little or none. Figure 4.7 very practically suggests the impact that WLL can make in bringing more of humanity into the world’s telecommunications network. It is therefore of no surprise that the greatest numbers of WLL lines installed to date are in developing nations of Asia, Africa and Latin America. 

Despite having their best success providing basic telephone service in developing nations, WLL equipment manufacturers are driven to continually update their equipment in order to provide customers with more advanced services, to match those that can be provided by the newer wireline technologies. As technologies such as V.90 modems, xDSL, and cable modems are deployed, WLL systems are pressured to match their capabilities. Only systems using the most modern digital radio technologies, such as DECT, and other TDMA and CDMA technologies are likely to maintain significant WLL market share. For even in the least developed areas, urban and rural, there is both a need and a demand for modern data services such as Internet access at ever increasing data rates.

The requirement to support continually higher data rates suggests that the introduction of packet technologies over WLL radio interfaces will become commonplace in the next few years. Instead of connecting only to traditional circuit switches, we are likely to see WLL systems directly interface to IP routers as well. It is the ability of packet technology to increase the sharing of radio resources, particularly useful in handling bursty data, which drives the interest in applying packet technology to WLL.  With increasing deregulation, traditional as well as new operators may seek to provide both circuit switched telephony services as well as packet switching for services such as Internet access.

In the long term, many analysts predict a full transition of telecommunications networks from circuit to packet technologies such as IP and ATM for all services including voice telephony. While such a transition is likely to occur over an extended period of time, it is clear that the WLL systems of today are already preparing to meet this challenge.

With the Internet as a major instigator of the requirement for high-speed data access, it is interesting to note the asynchronous nature of most Internet data exchanges. Today an Internet web user typically sends a relatively small amount of data in the uplink (PC to ISP) direction. This might consist of a few mouse clicks or the typed entry of a web address such as http://www.telecoms-mag.com. The response in the downlink direction (ISP to PC) to that relatively small amount of data is often a large amount of text, graphic, audio or video data, such as the display of a web page with complex graphics (Figure 4.8).
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Figure 4.8   Asymmetric Flow of Internet Data

Thus the flow of information in user access to the Internet is commonly quite asymmetric in nature. Radio technologies that can dynamically adapt to asymmetry have a distinct advantage over those that do not. In particular, if the duplexing of two-way communications is achieved by means of time division duplex (TDD), it is significantly easier to adjust to asymmetry in real time than with frequency division duplex (FDD). 

On the horizon, WLL systems are likely to continually incorporate various new technological advances such as smart antenna technology, the dynamic alternation of the shape of electromagnetic propagation, to improve performance. A number of methods for this have been demonstrated.  For WLL systems, greater capacity will be achieved by reduced interference and more efficient use of radiated power. Here again, products and radio technologies that can incorporate these advanced techniques are likely to find a competitive advantage over those that cannot.

4.2.2.2
Fixed Wireless Access over Long Distance
There is another category of fixed wireless access which can bring subscribers service from a telephone exchange when the subscribers are located at distances considerably greater that those of a standard local loop. Systems that do this by wireless means have existed for decades, and are used in both developed and developing nations. 

A popular technology for this has emerged over the last decade, TDMA point to multipoint (PMP) microwave radio. Under such systems, an interface unit is located near an exchange. From this station, there can be multiple microwave radio hops of up to 50 km using TDMA radio, commonly in the 1.5 GHz or 2.5 GHz band, to stations that provide connection points for wired telephone sets. Systems providing such access for telephone subscribers even hundreds of kilometers distant from the exchange are in use today (Figure 4.9.). Under the most advanced systems, even ISDN service can be offered to these very distant subscribers. More recently, some systems have added WLL “tails”, so that even the last connection from the final radio station to the subscriber’s premises may also be provided by wireless means 

The price of these systems varies considerably because their configurations, subscriber densities, coverage areas and services can vary over a very wide range.  The price may range from a few hundred to a few thousand dollars per subscriber.  As a strategy to provide service to rural and remote areas, operators may deploy these systems until the subscriber growth in a given community reaches a level where it becomes economically viable to deploy a small exchange or the remote module of a distant exchange. At such a time the WLL tails already in place may continue to be used to provide access to the new exchange.

In this category of fixed wireless access over very long distances there are also systems that use earth satellites to provide access to a network.  Configurations vary considerably. VSAT (Very Small Aperture Terminals) satellite technology may be applied to support voice and data services to remote communities that cannot be economically accessed by cable or ground-based microwave radio.  When the traffic from such a community does not justify the leasing of a permanent satellite radio channel, DAMA (Demand Assigned Multiple Access) technology may be deployed to optimise satellite usage. Thus satellite resources are only allocated as needed. This makes it economically viable to provide access to a very small number of subscribers in extremely remote areas. 
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Figure 4.9
Wireless Access over Long Distance

4.2.2.3
High Speed Packet Data Internet Access 
A third interesting application of fixed wireless access that is now emerging is very high speed Internet access using packet data technology. Some WLL products that are currently used primarily for voice and voice band data are based on technical standards that support high-speed packet data. Some of today’s WLL circuit technology systems promise to evolve soon to support packet data as well. But there is also emerging a class of products that are designed from the beginning to support very high-speed wireless packet technology with IP and PPP protocols. For these products, internet/intranet access and virtual private networks between business locations are primary applications. Voice calls may or may not be supported.

These access systems may be used by operating companies that seek to compete with the high speed Internet access offered by cable TV providers and DSL connections. Customers for these products include Internet Service Providers, wireless telephony service providers, PTTs and competitive access providers. End users may be residential or business. 

In addition to providing high-speed data access into public networks these systems may also be used to support virtual private networks between geographically distributed business locations. 

4.2.2.4
Wireless Broadband Access
4.2.2.4.1
Introduction
At the leading edge of fixed wireless access technology today, access by broadband wireless is now emerging. These systems support very high data rates, in the range of tens of Mbit/s, for voice and data applications for business customers.  Mono-cellular, line-of-sight technology is used to relay huge amounts of data from business premises into operators’ networks. Up to 25 km distance can now be achieved, depending on climate and spectrum. This technology allows operators to avoid the long lead-time and great expense of laying fibre optic cable in order to connect their networks to business buildings in urban and suburban areas. 

Wireless Broadband Access operates towards the high end of commercially available radio spectrum, 10 GHz to 42 GHz, with somewhat different licensed bands allocated in Europe and North America. Included in this application is Local Multipoint Distribution Service (LMDS), a particular frequency band (28 GHz) within the overall category of wireless broadband access.

While this technology has not yet been widely deployed, a recent estimate by the Stategis Group for the infrastructure market for LMDS alone in the United States, is USD $8 Billion in the next ten years. In the USA, a developed economy by all measures, only one tenth of the office buildings are currently connected with optical fibre, leaving great opportunity for wireless broadband access.

Potential applications include, but are not limited to, video-on-demand, interactive video, and Internet access. Purchasers of wireless broadband access equipment are likely to include PTTs, local exchange carriers (LECs), inter-exchange carriers (IXCs), Internet service providers (ISPs) and new network operators. End users are initially likely to be small and medium size businesses that cannot justify the cost of leased optical fibre. 

As a market entry strategy, an operator might use wireless broadband to establish an initial base of broadband business customers. The modular flexibility of wireless access, allowing incremental investment and quick revenue return permits an easier market entry. Once a particular geographic location has sufficient end-users generating enough revenue, the operator might then chose to make the investment in fibre. The wireless access equipment may then be re-deployed elsewhere, in a locale where the operator seeks to do business.  

Ultimately wireless broadband may prove attractive to residential customers as well. Advanced interactive video services and very high speed Internet access are seen as likely applications. With fibre to the home estimated to cost several thousand dollars per customer, wireless broadband solutions might prove very attractive.

A short description of some European wireless broadband access systems contained in Annex 4A.
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4.2.2.4.2 
Wireless Broadband Access System architecture

The architecture in Figure 4.10 has been built considering only three parameters which best differentiate the services provided. From the users point of view they characterize for the users how the system can meet their needs.

· Uni./bi-directional: this is the parameter that separates the world of broadcasting from the telecommunication world, where communications are mostly bi-directional. The services provided by unidirectional systems are limited, although in some cases, a return channel can be added via bi-directional systems.

· System mobility: the system will serve a person or a place, depending on whether mobility is provided or not.

· Typical coverage: it characterizes for the users the range of moving of the terminals.
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Figure 4.10
Wireless Broadband Access System architecture
4.2.2.5
Wireless Local Area Networks 

A survey of the landscape of wireless access could not be concluded without mention of another class of products that has recently emerged commercially as the wireless alternative to in-building local area networks (LANs) for data communication. Because LANs are typically operated in an indoor environment, an unlicensed frequency band (e.g. 2.4 GHz) can be used. These systems allow terminals to be easily moved from one space to another yet remain connected to the LAN. Businesses, schools and government offices are typical customers for these systems. There are available today wireless LANs that match the data speed capabilities and reliability achieved by wired LANs. They offer the key advantage of allowing office equipment (terminals, PCs, printers, etc.) to be relocated within a building much more easily.

4.2.2.6
Conclusion 

Wireless access has emerged in recent years as a viable alternative to wired access in a wide variety of applications. If there is a common thread to the progress made in this field, it is that the advances made by wired access technology can now quickly be matched by wireless equivalents, which generally can be deployed more rapidly and at lower cost. Because wireless access equipment is above ground, it is easily accessible to technicians and thus easier to maintain. Because it is installed in discrete locations, its security concerns are often less than those of wireline access. In those cases where subscriber demand declines, such as businesses moving out of a building, wireless access equipment can be recovered and re-deployed, something that typically cannot be done with underground cable. 

What we are seeing in wireless access today is due in part to the tremendous commercial success of mobile cellular telephony, which fostered great advances in radio technology and amassed the capital and interest in expanding the applications of wireless technology.

The first applications of wireless access have been to provide basic voice telephony. This application has proven quite successful in lowering the cost of providing telephone service and thus allowing the rapid expansion of teledensity in the less developed nations of the world. With the replacement of voice by data as the driving engine of modern telecommunications, wireless access is rapidly evolving to support ever-higher data rates using packet technology.

Thus wireless access brings the hope of access to modern telecommunications to that half of humanity that has never made a telephone call. But it also furthers the advancement and deployment of very high-speed data services in the most developed areas of our planet. In both domains, wireless access is one of the most exciting arenas in the telecommunications world today.

4.2.3
Radio Technical Solutions 

4.2.3.1
Microwave Point-to-Multipoint (PMP) systems

Such digital systems are available today from a number of manufacturers, and are mainly used to provide telecommunications services to isolated subscribers or small communities in rural areas.

There is no Common Air Interface Standard for such systems, but only « coexistence » Standards defining the access method and the spectrum mask. They also comply with ITU- R Recommendation 756.

The physical layer is normally based on 2 Mbit/s transmission, with a total capacity equivalent to a multiple of 2 Mbit/s PCM system (30 traffic channels, each of 64 kbit/s bandwidth). Some systems are also available using 4 Mbit/s transmission and provide 60 traffic channels at 64, 32 or 16 kbit/s.

Access is by TDM (downlink) and TDMA (uplink) with assignment of the channel on demand and using a Frequency Duplex arrangement (FDD).

PMP systems operate typically between 1 and 3 GHz in normal « fixed service » allocations (see ITU-R recommendation 701). 

Compared with cellular or Cordless, PMP systems offer poor spectrum efficiency. However this comparison is slightly unfair, since PMP systems offer full 64 Kbit/s transparent channels and the ability to provide the user with several channels (for example for ISDN 2B+D), whilst cellular systems provides narrow-band channels with specialized speech coding and data rates limited today to 9.6 kbit/s. 
PMP systems meet well the requirements for WLL application as they have been specially designed for local loop wireline replacement mainly in rural areas. They can operate at very long range, typically up to 50 km in a single hop. They can also be extended using repeaters over hundreds of kilometers in a « tree » configuration.

Since the protocol is based on PCM, traffic is carried in 64, 32 or 16 kbit/s, and the system is therefore fully transparent to normal speech-band services, and some equipment are capable to support full ISDN 2B+D. Network termination equipment can then provide a wide range of conventional interfaces, from 2 wire POTS through 4 wire analogue to ISDN.

In conclusion, the PMP solution is a cost-effective way to extend existing wired digital networks or modernize old analogue networks, providing the customer with the same quality and grade of service as on the wired network. It also provides the user with all advanced services, from POTS to ISDN (2B+D).

Finally, the economics of existing application of PMP systems tends to show that they are ideal for use in sparsely populated areas.

An example of PMP architecture is shown in Figure 4.11.




Figure 4.11
An example of PMP TDMA system architecture

4.2.3.2
Digital Cellular systems

Current cellular technologies are designed for macro-cellular applications and restricted traffic densities. Hence cellular technologies can provide feasible solutions for remote, rural and sub-urban WLL deployment. However, high traffic densities require micro-cellular or short-range radio technologies and cellular frequency re-use planning becomes complex.

The typical architecture of a mobile digital Cellular WLL system (see Figure 4.12) includes the following functions:

- the Mobile Switching Centre (MSC) which ensures the switching function and the roaming function within the MSC and between MSCs

- the Vehicle Location Register (VLR) and Home Location Register (HLR) which the data bases used to manage the roaming and the local mobile subscribers

- the Authentication Centre (AC) and the Equipment Identification Register (EIR)

- the Base Station System (BSS) which manages the radio resources and includes:


. the Base Station Controller (BSC)


. the Base Station Transceivers (BTS) 

- the Mobile Station (MS) and the Terminal Equipment (TE).




Figure 4.12   GSM-WLL architecture

The main characteristics of interest when looking at Digital Cellular systems used for WLL application, can be summarized as follows:

- they operate in either 800/900 MHz (IS 54, GSM) or 1800 MHz (IS 95, DCS1800) and support mobile subscribers over a cell radius of approximately up to 30 km.

- as voice transmission is the most important, and the main bulk of service, specific voice Codec are used over the air interface to provide a good radio spectrum efficiency and robustness to the radio environment (fading, interference...etc.). These Codec use up to 13 kbit/s speech encoding and, even with the recent improvements in coding algorithms, do not provide the equivalent speech quality as the wired network,

- regarding the services, they do not provide voice band data and fax services in a transparent way. GSM for example supports data services up to 9.6kbit/s. It also supports most of the ISDN standard voice and supplementary services and support ISDN signalling, but does not provide ISDN 2B+D and has capacity restrictions in ISDN bearer services,

- the architecture of the network, as described here above includes costly Switching and Mobility management functions which are unnecessary when used only for fixed users. Of course Digital Cellular systems may be used to serve simultaneously mobile and WLL customers in the case where the provided services, i.e. speech, fax, and low speed data, are sufficient and acceptable. This may be the case when serving isolated subscribers, for emergency purposes or temporary implementation.

As with analogue cellular, derived fixed digital cellular systems connecting for example the MSC to the PSTN (A1 interface) or a special BSS including a specific controller and connected to the Local exchange via a V5.X interface can be developed. However, even though the price of such equipment may be attractive, the inherent characteristics of the cellular remain.

It must finally be noted that improvements and new developments are foreseen in the near future which could, if implemented, provide enhanced capacity and performances more in line with WLL requirements. These new features relate for example to:

. New 16 kbit/s Codecs for specific WLL application and providing better speech quality, better transparency to DTMF signals, lower delay if optimised for stationary propagation environment ...etc,
 

. Support for higher bit rates (115 kbit/s) and basic ISDN rate using concatenating time slots.

. Terminal monitoring using the mobility management procedure.

In conclusion, the use of Digital Cellular for WLL application leads to the following strength and weakness evaluation:

· Strengths:

- wide coverage (especially when operating in 800/900 MHz) up to approximately 30 km from the BST

- Open and existing standards which provide low costs and interoperability/multisourcing of the terminal equipment

-secure authentication and encryption

- set of standardized supplementary services, including ISDN

- well known and proven technologies.

· Weaknesses

- Speech quality does not meet the fixed network service quality standard

- limited data throughput with respect to fixed network and competing technologies

- no/poor transparency to voice band services.

- low (even though better than PMP) spectrum efficiency compared to more specialized technologies.

4.2.3.3

New Fixed Wireless Access (FWA) Systems 
Among the new proprietary Fixed Wireless Access Systems appearing on the market, Direct Sequence Code Division Multiple Access (DS CDMA) are the most promising.

DS CDMA is a spread spectrum technique in which multiple subscribers occupy the same spectrum simultaneously. Individual channels are coded by multiplication with a spreading sequence, and recover by correlation at the receiver side. Compared with a TDMA system where the allocated resource is time, or with a FDMA system where the resource is frequency, in a DS CDMA system the resource is the signal power, relative to the noise of the other subscribers.

DS CDMA operates currently in the 3 frequency bands: 1,9 GHz (US PCS), 2.4 GHz and 3.4 GHz to 3.6 GHz with range of 2.5 km in urban area up to 6 km in rural areas 

Compared to narrowband CDMA (2x1.25 MHz) for mobile application, DS CDMA (2x5MHz) is optimised for fixed application and offers significantly better bearer services in terms of Bit Rate and Bit Error Rate (BER).

So far, DS CDMA can offer data bandwidth from 16 to 144 Kbit/s with a BER of 10-6 compared to 8 to 13 kbit/s with BER of  ~10-3.

Moreover, DS CDMA can support continuously variable quality of service at different bit rates on a single air interface. This feature makes DS CDMA radio systems very attractive as a replacement for copper, since it provide a simple mean to allocate radio resource according to the needs of individual services being carried.

Thus, in a DS CDMA system, a reduction in the number of users accessing the system is translated into a gain in the Grade of Service (GOS) for the remaining users. If the system is fully loaded, all users will obtain their rated BER performance, when it is less loaded, all users can experience a much lower BER. This inherent characteristic can be used to provide exceptional overloading service, e.g. emergency service, without dropping in-service calls.   

In terms of services, DS CDMA supports 16, 32 or 64 kbit/s speech coding, voice-band data up to 28,8 kbit/s and ISDN 2B+D.

As for Cellular systems, a strengths and weaknesses analysis gives the following results:

· Strengths:

- flexible resource allocation, up to ISDN 2B+D

- service transparency: Dial tone, Fax group 3, Voice data band up to 28,8 kbit/s, ISDN 2B+D (fax group 4, video conferencing)...etc 

- robust radio interface,

- low delay in transmission

- wide coverage

- spectrum efficiency.

· Weaknesses

- requires spectrum allocation increment of 2x5 MHz minimum

- proprietary systems and air interfaces

- variable GOS according to the traffic supported

- capacity compromised by long range operation.

In conclusion, DS CDMA is a very potential solution for fixed wireless access both in terms of capacity, variety and quality of services and spectrum efficiency.

4.2.3.4 Cordless technologies

Current Cordless technologies have been designed to provide low complexity and high traffic capacity solutions for micro-cellular arrangement. Such systems can be successfully applied to WLL applications. Among existing Cordless, DECT is one of the most advance technologies which copes with all the WLL requirements with respect to services aspects, operational conditions, spectrum efficiency and regulatory environment, but also to its ability to interconnect with either fixed or mobile networks and make provision for future evolution towards the 3rd Global Mobile generation.

In terms of architecture, DECT is a wireless access to the local network in extent and is connected to the Local Exchange Figure 4.13. On the contrary of a cellular network, DECT does not include the switching function, which is carried out in the Local Network.




Figure 4.13   The DECT Reference Model

With regards to operational characteristics, DECT makes use of specific technical features, which permit high Grade of Service (GOS), high performance and very efficient use of the spectrum. Among others, these features are:

- a multi-carrier TDMA and a decentralized radio resource management which is the basis of the very efficient and rapid Dynamic Channel Selection (DCS) made at the terminal level.

- the DSC which greatly improves the performances and the capacity of the system in short range cluttered environments where fixed channel planning becomes very difficult to achieve.

In such very short coverage and high traffic density spots, and thanks to DSC, DECT WLL networks will not need extensive frequency planning studies. Moreover, continuous DSC during the call, e.g. for hand-over, will ensure that the channel allocation is continually optimised to the local conditions. 

- the signalling channel characteristics i.e. high speed, robustness, sensitivity and link specific, which provide DECT with a very efficient, secure and reliable signalling transmission.

- the use of repeaters to extend the fixed WLL coverage.

Regarding the applications, DECT supports the following services:

- Voice telephony is provided using a 32 kbit/s ADPCM codec fully complying with ITU-T Recommendation G 726. 

Also the ADPCM speech or signalling channel can transparently carry DTMF tones.

- Voice band data and facsimile

Currently available voice band modems are not capable of unrestricted operation on ADPCM coded channels. However facsimile (groups 2 & 3) is supported, but resulting transmission rate is likely to be 7.2 kbit/s or less.

The complete operation of all voice band modem equipment can be assured either by providing a 64 kbit/s DECT channel or by the use of appropriate terminal adapters.

- Analogue leased lines are provided as permanent connections by the PSTN and supported by DECT.

- ISDN. When standardizing DECT, ETSI has produce a DECT-ISDN profile providing a complete DECT-ISDN inter-operability. So, DECT double slot structure is used to provide user information channels of n*64 kbit/s with values of n up to 10. Two double slots may be combined with a single slot to provide a 144 kbit/s liaison suitable for ISDN 2B+D.

Like for other technologies the strength and weakness analysis applies:

· Strengths:

- Dedicated frequency bands in Europe: 1880-1900 MHz and similar or very closed in other regions.

- High capacity in hot spots

- Transparency to voice band data up to 4.8 Kbit/s

- Capability up to ISDN 2B+D

- Secure and authentication encryption.

· Weaknesses:

- Range limited by RF power

- Sensitivity to delay dispersion. 

4.2.3.5
Satellite technologies

Numerous technical advances in satellite communication systems in the recent past years have enabled more cost-effective use of satellites systems. These key technical advances include:

- the development of architectures based on non-geostationary orbits, using links characteristics allowing small low cost user terminals.

- reduction of size, weight, power consumption and cost of stations/user terminals (VSATs, USATs) for use with geostationary satellites and large scale D Assigned Multiple Access (DAMA) Systems.

The types of satellites communications systems that has emerged as alternative to the extension of terrestrial networks for access to the PSTN in rural areas of developing countries include:

- Conventional geostationary satellites systems in the Fixed Satellite Services (FSS) such as Intelsat and other national or regional systems used in conjunction with a large scale DAMA system, advanced VSATs and USATs and one or more high capacity gateway earth station for interconnection with the terrestrial PSTN

- the big LEO global MSS (GMPCS) such as Globalstar

- Global MSS (GMPCS) systems using non-geostationary Intermediate Circular Orbit (ICO) 

- Global MSS (GMPCS) systems using elliptic orbits, such as Ellipso

- Regional geostationary systems in MSS and similar systems proposed for Africa and Asia

- Inmarsat geostationary MSS system and future evolutionary extensions

- Wide coverage non geostationary global satellite systems such as Teledesic

- Little LEO systems such as Orbicom and Final Analysis which are very cost effective in providing store-and-forward services such as Paging and Electronic mail in unserved areas.

For more details, see Fascicle 1. Chapter 2.4.

4.2.4
ITU RECOMMENDATIONS AND PUBLICATIONS

The following ITU-R Recommendations are important for studying Wireless Access Systems:
· ITU-R F.1488 (Pink Doc. 9/1005) - Draft new Rec. F.[Doc. 9B/100] - Frequency block arrangements for fixed wireless access (FWA) systems in the range 3 400-3 800 MHz - (Questions ITU-R 215/8, 125/9) 

· ITU-R F.1489 (Pink Doc. 9/1006) - Draft new Rec. F.[Doc. 9B/136] - A methodology for assessing the level of operational compatibility between fixed wireless access (FWA) and radiolocation systems when sharing the band 3.4-3.7 GHz - (Questions ITU-R 140/9, 215/8) 

· ITU-R F.1490 (Pink Doc. 9/1007) - Draft new Rec. F.[Doc. 9B/135] - Generic requirements for fixed wireless access (FWA) systems - (Questions ITU-R 140/9, 215/8) 

· ITU-R F.1499 (Pink Doc. 9/1016) - Draft new Rec. F.[9B/BWA] - Radio transmission systems for fixed broadband wireless access (BWA) based on cable modem standard - (Questions ITU-R 215/8, 140/9) 

· ITU-R M.1450 - (Pink Doc. 8/1014) - Draft new Rec. M.[8A9B-T4/DD] - Characteristics of broadband radio local area networks (RLANS) - (Questions ITU-R 212/8, 142/9) 

· ITU-R M.1454 - (Pink Doc 8/1040) - Draft new Rec. M.[8/95] - E.i.r.p. density limit and operational restrictions for RLANS1 or other wireless access transmitters in order to ensure the protection of feeder links of non-geostationary systems in the ... - (Questions ITU-R 212/8, 142/9, 284/4) 

· Recommendation ITU-R F.701-2: Radio-frequency channel arrangements for analogue and digital point-to-multipoint radio systems operating in frequency bands in the range 1.350 to 2.690 GHz (1.5, 1.8, 2.0, 2.2, 2.4 and 2.6 GHz) 

· Recommendation ITU-R F.754: Radio-relay systems in bands 8 and 9 for the provision of telephone trunk connections in rural areas 

· Recommendation ITU-R F.755-2: Point-to-multipoint systems used in the fixed service 
· Recommendation ITU-R F.756: TDMA point-to-multipoint systems used as radio concentrators 

· Recommendation ITU-R F.757-2: Basic system requirements and performance objectives for fixed wireless access using mobile-derived technologies offering basic telephony services 

· Recommendation ITU-R M.819-2: International Mobile Telecommunications (IMT-2000) for developing countries 

· Recommendation ITU-R F.1098-1: Radio-frequency channel arrangements for radio-relay systems in the 1 900-2 300 MHz band 

· Recommendation ITU-R F.1103: Radio-relay systems operating in bands 8 and 9 for the provision of subscriber telephone connections in rural areas 

· Recommendation ITU-R F.1104: Requirements for point-to-multipoint radio systems used in the local grade portion of an ISDN connection 

· Recommendation ITU-R F.1105: Transportable fixed radiocommunications equipment for relief operations 

· Recommendation ITU-R F.1244: Radio local area networks (RLANs) 

· Recommendation ITU-R F.1332-1: Radio-frequency signals transport through optical fibres 

· Recommendation ITU-R F.1399: Vocabulary of terms for wireless access 

· Recommendation ITU-R F.1400: Performance and availability requirements and objectives for fixed wireless access (FWA) to PSTN 

· Recommendation ITU-R F.1401: Frequency bands for FWA systems and the identification methodology 

· Recommendation ITU-R F.1402: Frequency sharing between a land-mobile wireless access (MWA) system and a fixed wireless access (FWA) system using the same equipment type as the MWA system. 


The following Handbooks issued by ITU-R are useful in planning, engineering and developing of wireless access networks:

1. Wireless Access Local Loop, Volume 1, Handbook on Land Mobile (including Wireless Access), ITU, 1996 and

2. Principles and Approaches on Evolution to IMT-2000/FPLMTS, Volume 2, Handbook on Land Mobile (including Wireless Access), ITU, 1997. 
3. “Introduction of New Technologies in Local Networks”, ITU Guidelines, Geneva 1993.

4.2.5.
LIST OF ABBREVIATIONS

	AN
	Access Network

	ADPCM
	Adaptive Differential Pulse Code Modulation

	ADSL
	Asymmetric Digital Subscriber Line

	ATM
	Asynchronous Transfer Mode 

	AU
	Access Unit

	BRA
	Basic Rate Access

	BRAN
	Broadband Radio Access Network

	CAM
	Carrierless Amplitude Modulation

	CATV
	Common Antenna Television

	CDMA
	Code Division Multiple Access

	CPE
	Customer Premises Equipment

	CU
	Control Unit

	DAB
	Digital Audio Broadcasting

	DAMA
	Demand Assigned Multiple Access

	DAWS
	Digital Advance Wireless Service

	DCS
	Dynamic Channel Selection

	DMT
	Discrete Multi-Tone

	DS CDMA
	Direct Sequence Code Division multiple Access

	DSL
	Digital Subscriber Line

	DTMF
	Dual Tone Multifrequency

	DU
	Distribution Unit

	DVB
	Digital Video Broadcast

	FDD
	Frequency Division Duplex

	FITL
	Fiber in The Loop 

	FTTC
	Fiber to The Curb

	FTTH
	Fiber to The Home

	FWA
	Fixed Wireless Access

	GII
	Global Information Infrastructure

	GOS
	Grade of Service

	HDSL
	High speed Digital Subscriber Line

	HFC
	Hybrid Fiber Coax

	IP
	Internet Protocol

	ISDN
	Integrated Service Digital Network

	ISP
	Internet Service Provider

	IU
	Interface Unit

	LEO
	Low Earth Orbit 

	LMDS
	Local Multipoint Distribution Service

	MMDS
	Multipoint Microwave Distribution System

	MPEG
	Motion Picture Experts Group

	MSS
	Mobile Satellite System/Services

	N-ISDN
	Narrowband ISDN

	PCI
	Peripheral Core Interface

	PCP
	Peripheral Control Platform

	PDH
	Plesiochronuous Digital Hierarchy 

	PMP
	Microwave Point to Multipoint System

	PMP
	Point to Multipoint

	PON
	Passive Optical Network 

	POTS
	Plane Old Telephone System

	PRA
	Primary Rate Access

	PSTN
	Public Switched Telephone Network

	QAM
	Quadrature Amplitude Modulation

	QPSK
	Quadrature Phase Shift Keying

	RITL
	Radio in The Local Loop

	SDH
	Synchronous Digital Hierarchy

	SMF
	Service Management Function

	SNI
	Service Node Interface

	SPF
	Service Port Function

	SU
	Switching Unit

	TDD
	Time Division Duplex

	TDMA
	Time Division Multiple Access

	TF 
	Transport Function

	TMN
	Telecommunication Management Network

	UNI 
	User Network Interface

	UPF
	User Port Function

	VDSL
	Very high speed Digital Subscriber Line/Loop

	VLR
	Vehicle Location Register

	VoD
	Video on Demand

	VSAT
	Very Small Aperture Terminal

	WLL
	Wireless Local Loop
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Annex 4A
EUROPEAN WIRELESS BROADBAND ACCESS SYSTEMS
1
BRAN (Broadband Radio Access Network) / Hiperaccess

ETSI Project BRAN is preparing the Hiperaccess standard and a report defining the architecture and objectives has been already approved. Hiperaccess is based on the following objectives:

· Services: telephony , data , multimedia, videoconfrence

· Spectrum: above 10 GHz 

· Offer Broadband (25 Mbps, approx.) wireless access, to small- and medium-size companies and to individuals; ATM or IP transmission protocols are considered, competing with xDSL access and modems associated with cable distribution systems.

· Make signal transmission on Hiperaccess systems transparent, so that they can adapt to many applications.       

· Use standard radio and network/user interfaces, ensuring wide distribution by various manufacturers.

· Benefit from the use of standard parameters (that allow a high integration level) and from the size of the targeted market to obtain a low unit cost.

The foreseen Hiperaccess applications concern high bit rate data transmission, mainly for access to the Internet, videoconferencing and video on demand, in addition to voice and ISDN access. In view of the above-mentioned technical requirements, the Hiperaccess terminals would not be individually assigned but would be covered by a general license. The protocol will allow real time sharing of the overall system capacity among the various users. The operator, however, would be assigned a frequency band through a license, and the frequency use would thus be shared. The identification of the frequency bands in which Hiperaccess can be implemented without co-ordination is under study; the bands that are subject of the project of the European Radio Committee (ERC) on the fixed microwave access are being examined first. The objective is to define a harmonized band in Europe. The main steps in the work program of the BRAN project team are the approval of the first Hiperaccess draft standards (Physical Layer Technical Specification: September 2000, Data Link Control TS: December 2000) and all the test specifications should be available by 2002. The main characteristics to be defined concern the radio interface, the protocol for using the ATM and/or IP and the user interface.

2
DAB

DAB (Digital Audio Broadcasting) is a technology resulting from the work of a EUREKA project (EU147), the consortium of which gathers about fifty members. It allows the transmission of high quality radio programs, typically of Compact Disc quality, along with service data (PAD - Program Associated Data) to fixed, transportable or mobile receivers.

DAB is an ETSI standard (ETS 300 401). Two standards are identified in ITU: DAB A for EUROPE and DAB B for the USA.

The frequency bands used for DAB transmission are either the VHF bands (170 - 240 MHz), or the L band (1.5 GHz) shared between terrestrial and satellite transmissions. The range of a DAB transmitter is equivalent to that of a TV transmitter, i.e.: 20 km (L band) and 80 km (VHF).

The downlink rate is about 1.5 Mbps with OFDM modulation. The multiplex contains 6 high quality radio programs with program associated data. The compression method used is MPEG2 audio layer 2.

Tests carried out in vehicles equipped with a DAB receiver associated with a digital TV decoder, demonstrated the feasibility of TV program transmission to moving vehicles, with limited quality (900 kbps allocated to video). In the same way, the use of the Internet was demonstrated by associating a GSM phone for the uplink with a DAB multiplex containing the encapsulated IP stream for the high data rate downlink (1.5 Mbps).

The DAB services are implemented in various countries including Germany, Belgium, Great Britain, Sweden, etc. In France, five cities were equipped for the World Cup. Implementation is going on, with a strategy aiming to cover the most populated areas first.

Receivers of fixed type as well as car radio type exist, but the current price (around € 1000) limits implementation. In 1999, a second receiver generation has been introduced. The price is that of a top-of-range AM/FM receiver, i.e. between € 270 and € 450. The antenna is a whip antenna.

3
DAWS

Taking into account the market demand to fit the wireless world capacities and data rates to that of the fixed networks, ETSI encourages the emergence of new generations of infrastructure evolving from the existing standard progress.

From January 1997, ACTE 36 requested a report on the DAWS (Digital Advanced Wireless Services) concept. The EPT 4 report that had been introduced at ACTE 37 in March 1997, resulted in a request for normalization by ETSI. This is why a significant number of ETSI members decided to contemplate an evolution of the TETRA PDO (Packet Data Optimised) standard to offer full mobility and roaming, with wireless ATM rates up to 155 Mbps. This evolution was named DAWS and was studied by the ATM Forum.

About ten contributions on the DAWS feasibility study are known to-date and a full size demonstration was made during the 7th CEPT Conference, in Copenhagen from May 5 to 7, 1998.

Mobility is now one of the functions expected from the future portable “Wireless WEB Surfers” which will offer direct image transmission, as well as automatic locating of vehicles or persons.

DAWS thus comes within the scope of the high data rate mobile service segment and will offer services of the high data rate wireless local loop: telephony, data, multimedia, video, broadcasting, mainly intended for professional users.

In terms of market, considering that 5 % of the worldwide telephony will integrate the Internet at the end of the millennium, the potential of DAWS is already estimated to 5 million users.

The LLC (Logical Link Controller) and MAC (Media Access Controller) aspects are under study, following a first technical report issued in January 98. The current schedule makes it possible to expect that a harmonized standard will be published by the end of year 2000.

DAWS provides various wireless access capabilities to the Internet. DAWS base stations can be directly connected by operators to the Internet to offer their clients global high-speed access to the Internet.  System administrators can implement access points on extended corporate sites to offer Intranet access to the personnel.

Also, an access point can be installed home to offer residential high speed wireless access to the Internet. Last, police and army forces can use DAWS terminals to access appropriate IP networks.

DAWS thus offers full “seamless” mobility in the areas covered by a DAWS base station or having an access point.

To date, the 5 GHz band, and especially the 5.150 GHz – 5.700 GHz band is under study to determine any possible sharing between its current users and DAWS.

The definition of harmonized frequencies by CEPT conditions the implementation of DAWS, including the preparation by the European Union Commission of Common Technical Regulations.

DAWS, by offering full mobility and multimedia access with rates up to 155 Mbps, integrates the ATM interface with fixed networks.
4
DECT

DECT (Digital Enhanced Cordless Telecommunications), as a European standard, has experienced a fast development since 1994. DECT standard allowed the use of wireless technology in residential telephony applications, in private sector, and in public environment, in both fixed wireless access applications as well as limited mobility applications (CTM for Cordless Terminal Mobility).

ETSI established for DECT a series of profiles for the various applications covering voice (32 Kbps), fax (28,8 Kbps), and data services both for voice band and for digital transmission (64 Kbps). New profiles also provide packet data services with asymmetrical bit rates (up to 552 Kbps maximum for downlink and 24 Kbps for uplink). Standards under development now focus on the study of multimedia profiles, and the definition of the 2 Mbps radio interface. Adding such new profiles enables to build multiservice fixed wireless access systems enabling voice communication and access to Internet services.

The use of DECT in the public environment mostly focused on the residential and SOHO sectors (more than 1.5 million lines in the world), whereas the use for large companies was reduced to wireless exchanges with mobility features. The radius of the fixed wireless access system cells is limited to 16 km (under line of sight conditions). The maximum traffic that can be delivered by a base station is about 80 Erlang. For applications with mobility feature, the coverage radius is limited to 500 m. For year 1997, DECT represented 31% of orders for fixed wireless access worldwide.

The fixed wireless access networks based on DECT can have local coverage (single-cell), regional coverage (multiple-cell), or national (multi-system) coverage and are designed to build access networks.

A European Directive (1991) approved the usage of the 1880 - 1900 MHz band for DECT in Europe. In the rest of the world, the allocated bands are, depending on the countries: 1880 - 1900, 1900 - 1920 and 1910 - 1930 MHz. For the fixed wireless access applications, there are also equipment in the band 3.4 – 3.6 GHz. The DECT technology allows shared use of the spectrum by several applications and different operators. The DECT Forum recommends a maximum of 2 fixed wireless access public operators for 20 MHz.

The fixed access terminals are available in single- or multiple-line versions.

5
DVB 

DVB (Digital Video Broadcast) is a European consortium created in 1993, now grouping over 230 members. This consortium is intended to prepare the standardization of digital television:  

(
DVB-S: Satellite transmission standard (ETS 300 421)

(
DVB-T: Terrestrial transmission standard (Microwave) (ETS 300 744)

(
DVB-C: Cable transmission standard (ETS 300 429).

The standards are defined by ETSI.

DVB-S and C are used everywhere. DVB-T is competing with the US (ATSC) and Japanese (ISDB) standards. Australia selected DVB-T, the decision is pending for Argentina and Southeast Asia.

The transmission channel band is the same as for analogue television (6, 7, 8 MHz) and allows transmitting 24 to 30 Mbps (from 4 to 10 programs). The “taboo” channels can be used.

DVB-T allows the implementation of services (TV, associated data such as the “TV Guide”, and data broadcasting) to fixed, transportable or mobile terminals (e. g. vehicle equipment). The target price for a home receiver is typically that of a current top-of-range receiver. The television set could integrate either Terrestrial and Satellite reception, or Terrestrial and Cable reception. The antennas used are traditional Yagi or whip antennas. The radio technology used is the COFDM, including convolutional channel coding. 

Great Britain has been broadcasting since November 15, 1998. Sweden, Italy and Spain will come next. As for France, the decisions have not been reached yet. In Germany, a test involving about forty transmitters will soon validate reception by mobiles.

Studies are now being conducted to implement a microwave return channel. Many services related to this return channel will be deployed, including video-shopping, Internet, pay TV. Internet services are already offered, associating a telephony uplink and downlink of several Mbps.

A transmitter typically covers an area of about fifty kilometers. The implementation of SFN (Single Frequency Network) networks allows continuous reception within a region or along a motorway.

The frequency bands used are the UHF and VHF bands (470 to 890 MHz).

DVB-S makes use of the capabilities of satellite transponders and allows data rates from 2 to 72 Mbps in the Ku and C bands. The modulation mode used is the QPSK, associated with convolutional channel coding. Many satellite program ranges are operated. The coverage is related to the characteristics of geo stationary satellites. In France, the major digital bundles: TPS, CANAL Satellite and AB SAT are using the EUTELSAT (HOT BIRD) and SES (ASTRA) satellite bundles, respectively.

The receivers are fixed and currently require the use of a specific decoder. In the medium term, the digital decoder will be integrated in the TV set, whose price should be equivalent to a top-of-range set. The antennas used are dish antennas with 50 to 60 centimeters minimum diameter.

In the medium term, the receivers could be mixed: 

- Terrestrial + Satellite

- Terrestrial + Cable.

6
Hiperlan

In December 1996, ETSI published the ETS 300 652, called Hiperlan (HIgh PERformance Local Area Network) type 1, for use in the 5.2 GHz band allocated without specific license to wireless local area networks in Europe and the United States. Hiperlan thus can use more than 20 Mbps in each of the 5 adjacent channels of this band (7 in the USA), which allows to make an actual multimedia local area network, with terminals derived from the standardization and therefore interoperable.

The high data rate (Ethernet compatible, 10 Mbps) and the standardization of Hiperlan by ETSI are the factors which make Hiperlan successful when addressing the professional and residential markets. Today, more than 90% of corporate local area networks operate under Ethernet 10 and 100 Mbps. Hiperlan is the natural radio extension of these infrastructures.

A significant growth of the wireless LANs is expected through Hiperlan, especially in the professional and residential sectors, by offering data rates compatible with the current multimedia applications.

Residential distribution, as an extension to the wide band access networks, requires a flexible high performance solution, well accepted by the final user. The wireless telephony offers, as well as the wireless alarm systems, contributed to the success of radio solutions in residential environments. This trend should be confirmed with the introduction of new interactive and multimedia services and the explosion of computer technology at home and in the small and medium-size companies. 

An Hiperlan product designed following ETSI standard ETS 300 652, is the only which can offer, in the short term and at low cost: 

· A real local area network,

· Compatibility with the 10 Mbps Ethernet network,

· Useful user data rates higher than 10 Mbps,

· Coverage from 50 to 100 m.

The Hiperlan type 1 standard has been designed to ensure system interoperability between different manufacturers. Hiperlan products allow connecting terminals one to another, or to a wired infrastructure network, without any bit rate compromise and with maximum flexibility and transparency. They accept mobility up to 10 km/h. The distance between two systems can be up to 100 m and an “automatic repeater” mechanism extends the coverage up to the hidden nodes or nodes remote from the network. 

Furthermore, thanks to its intrinsic high data rate characteristics (frame transmission priority handling mechanism with respect to service classes), Hiperlan type 1 is well adapted to ATM and/or Internet (IPv6) flow transmission within the radio cells of a local area network and allows, already today, to anticipate the predicted convergence of Information Technology and Telecommunications. 

ETSI created in 1997, in replacement of RES10, the BRAN group in order to conduct in parallel the studies for the emergence of the Hiperlan type 2 standard (wireless ATM local network), the Hiperaccess standard (high data rate wireless access) and the Hiperlan type 4 standard (very high data rate, point-to-point, also referred to as Hiperlink). It is commonly believed that these standards will not be published before 2000 - 2001. 

Hiperlan type 1 therefore positions in the short term on an existing mass market. It is the origin of the first technological developments in the 5 GHz band, which can be used by the other Hiperlan standards and the harmonizing initiatives of the IEEE 802.11 in the same band.

7
MMDS/LMDS

MMDS (Multipoint Microwave Distribution System) and LMDS (Local Multipoint Distribution System) are wireless wideband systems, respectively operating in the 2.5 – 2.686 GHz and 26 - 28 GHz or 40.5 – 42.5 GHz frequency ranges. 

Traditionally, MMDS used to be unidirectional, but it is progressing toward bi-directional systems and there is an LMDS variant, called MVDS (Multipoint Video Distribution System), which is unidirectional. By definition, the downlink is a broadcasting type channel (point-to-multipoint) and the uplink is a point-to-point link.

The transported services are multimedia services (voice, data, Internet, video services), with the capabilities offered by the interactivity feature of the return channel. The standard used is the DVB standard (Transport Stream). Tests are being conducted to use OFDM modulation, in a European project named CABSINET.

MMDS has a coverage of about 50 km with a transmission capacity of about 450 Mbps/sector (120 programs).

LMDS has a coverage of about 5 km with a transmission capacity of about 2.7 Gbps./cell (500 programs).

The data flow is divided into 6, 7 or 8 MHz channels, each enabling data rates up to 45 Mbps.

One benefit of the MMDS/LMDS systems is that they can substitute for or complete the wired network of a city, thus making unnecessary to dig trenches for laying cables. This technology can be considered as a virtual cabling offering the same services.

In some countries, the LMDS/MMDS technology is attractive due to the short coverage and to the possibility to offer different services or contents per sector or cell.

The receivers equipped with a specific decoder are fixed, with small size outdoor antennas (15 cm diameter).

The transmitter installation costs are low and the price of a decoder is equivalent to that of a DVB-T receiver, i.e., in the medium term, about € 270.

8
SkyBridge

The SkyBridge system allows offering real-time access to interactive services such as:

· Fast access to the Internet and other on-line services.

· Teleworking and access to remote servers, Intranet networks and LANs.

· Videoconferencing and videophone.

· Telemedicine.

· Entertainment services: video on demand, electronic games, etc.

SkyBridge can also provide:

· A point-to-point link infrastructure,

· Infrastructure links for:

( telephony networks,

( wireless access interconnections,

( mobile communication station interconnections.

The SkyBridge system can also be used to offer enhanced narrowband services (telephony – data transmission). 

9
Teledesic

The Teledesic Network supports bandwidth-on-demand, allowing a user to request and release capacity as needed. This enables users to pay only for the capacity they actually use, and for the network to support a much higher number of users.

Service providers will set end-user tariffs, but Teledesic expects them to be comparable to those of future urban wireless services for broadband access.

With an availability of 99,9 % or higher enabled by Teledesic 40 degree elevation angle, and a design to support millions of simultaneous users, Teledesic will provide a cost of service by channel comparable to existing urban services.

The Teledesic Network will seamlessly extend the existing terrestrial, based-based infrastructure to provide advanced information services anywhere on earth. Customers will range from the information workers unwilling to be confined in increasingly congested cities, to countries connecting voice lines from remote cellular sites, to multinational corporations connecting branch offices throughout the world into their existing global enterprise networks. Whenever and wherever institutions and individuals want access to the like-like telecommunications services currently available only in the most highly developed urban areas, the Teledesic Network can provide seamless connectivity.

10
UMTS/IMT 2000

The 2nd generation of mobile telecommunications opened the way to the age of mobility. The world discovered the benefits of “handheld” phones, both for professional and private use.

Some figures illustrate this success: 

· 260 million mobile subscribers worldwide, including more than 100 millions for GSM,

· continuously increasing penetration rates, 

However, the 2nd generation systems have two drawbacks:

· they cannot be used throughout the world,

· their capacities and rates are limited.

UMTS (Universal Mobile Telecommunications System) is a European candidate to the IMT-2000 family (International Mobile Telecommunications for year 2000). It is being standardized by ETSI; the system radio interface, called UTRA, was approved by ETSI at the beginning of 1998: it will combine two duplex modes: time division and frequency division. All the members of the IMT-2000 will be interoperable; the data rate on UMTS will reach 2 Mbps.

UMTS/IMT-2000 will thus meet the demand of the market which, after discovering mobility, now wishes to combine mobility with data transmission. For example: 

· database access / use /downloading,

· access to Internet type data networks,

· advanced electronic mail,

· transmission of animated images,

With the high data rate and mobility it provides, UMTS brings a solution to the wireless access problem, which has the advantage of suppressing the “load break” which today exists when switching over from the mobile cellular phone to the fixed, even cordless, phone: there will be a single terminal.

The first UMTS licenses have been issued in 1999 in Finland, for commercial start in 2001. A total of 60 authorizations is expected to be delivered from now to 2003.

It is generally admitted that the deployment of the UMTS will take place under different conditions than the GSM: the GSM replaced limited 1st generation networks which had many drawbacks (random propagation, large terminals, etc.) and the success of GSM was such that the operators had to invest heavily to build networks to meet the demand. 

UMTS will take its place more gradually, starting with sites where the demand is high, to make up, as is commonly called, “UMTS islets in a GSM ocean”. These islets will then extend to cover all the territories. The terminals will allow roaming between the two systems as long as required.

UMTS networks are complete networks (access, switching, mobility management) of non-limited coverage (completed, as required, by satellite coverage). The cell sizes can vary from a few tens of meters to a few kilometers, both outside and inside buildings.

ITU identified for IMT-2000 the following frequency band, called “core” band: 

· 1920 - 1980 MHz coupled with 2110 - 2170 MHz (2x60 MHz), (terrestrial),

· 1885 - 1920 MHz and 2010 - 2025 MHz (50 MHz), (terrestrial),

· 1980 - 2010 MHz coupled with 2170 - 2200 MHz (2x30 MHz), (satellite).

For the terrestrial segment, the trend is to allocate to each operator 2 x 15 MHz in the paired bands, plus 5 MHz in the non-paired bands for the initial deployment phase. The allocation of bands “without license” is being discussed.

Since the market surveys have shown that these quantities would become insufficient by 2005, extension bands are searched for.

Terminals, of portable type, will be on demand multimode to allow roaming between the UMTS and the 2nd generation systems, or multiband to cover the various frequency bands used by mobile systems.
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� More details see in Fascicle 3.


� See more in section 4.2.3.4. of this Fascicle


� See more details in Fascicle 1. Subchapter 2.3. Annex D


� For more details see Fascicle 1, Subchapter 2.3, Annex E


� See more in Chapter 3, Fascicle 2.





�PAGE \# "'Page: '#'�'"  �� This section is contribution of Prof. Dr Z. Petrovic and Dr M. Jankovic.


�PAGE \# "'Page: '#'�'"  �� This section is derived and composed from two papers received from Mr. A. Scott Berman , Bell Lab. Lucent technologies  and Guy Cayla, Lucent Technologies, Paris. I am missing the list of standards for WLL. In this section I am missing paragraph with ITU standards.


�PAGE \# "'Page: '#'�'"  �� This description is required by Mr. Mege and refers mostly to European systems. Is it convenient?   


�PAGE \# "'Page: '#'�'"  �� What term to use, UMTS or IMT 2000?


�PAGE \# "'Page: '#'�'"  �� I did not have this list





PAGE  
R:\REFTXT00\ITU-D\SG-D\SG02\100\180E5.DOC

05/10/00
(111711)


_924082788

_990946029.ppt






source:  Study by Lucent

Technologies, 1996

WLL Opportunity







Toll Network


7%


Distribution


Network


25%


Transmission 


Network


12%


Building


5%


Local 


Exchange


22%


Feeder 


Network


24%


Drop Network


5%





_999934972.xls
Sheet: Feuil1

Sheet: Feuil2

Sheet: Feuil3

Sheet: Feuil4

Sheet: Feuil5

Sheet: Feuil6

Sheet: Feuil7

Sheet: Feuil8

Sheet: Feuil9

Sheet: Feuil10

Sheet: Feuil11

Sheet: Feuil12

Sheet: Feuil13

Sheet: Feuil14

Sheet: Feuil15

Sheet: Feuil16

Worldwide

Skybridge

Teledesic

Continental

UMTS

DVB-S

DAB-S

National

DECT

DECT

DAB-T

DVB-T

Local

MMDS/LMDS

DAWS

Hiperaccess

In situ

Hiperlan


_924085417

_924088384

_924085149

_924081141

