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Wireless environment in REGNET

Introduction

REGNET can offer a WAP based access to the REGNET System, providing a novel access method for: teleshopping, e-commerce, database browsing, and virtual visit to museum or other masterpieces. REGNET will examine how next generation mobile networks can be exploited to widen the potentiality of WEB services in the field of Cultural Heritage. As an example, services can be used by interacting with the display of the mobile device (download of images or business information) or through voice (content description, service center). For the development of WAP services, WML (Wireless Markup Language) is the language enabling web browsing, whereas VoiceXML addresses voice applications. Appropriate gateway functions and interworking units will be envisaged to appropriately interface the REGNET architecture with the GPRS (General Packet Radio Service) and UMTS (Universal Mobile Telecommunication Systems) structures and ensure a seamless provisioning of REGNET services to mobile customers. Furthermore, the possibility of having access to the “mobile community” will enlarge the set of services that will be part of the REGNET demonstrator.

Scope

This document aims at describing the technologies related to the development of the wireless environment in REGNET platform. It covers the WAP architecture, the development issues in the WAP Application Environment (WAE) and the main characteristics of the bearers taken into account.

Sections 1 and 3.3 describe the overall features of GPRS and UMTS respectively, whilst sections 3.2 and 3.4 present some concepts about their use as WAP bearer. The Bluetooth standard was also take into consideration in section 3.5, as it introduces some interesting scenarios for short-range wireless communications. Some notes on its use as WAP bearer are reported in section 3.6.

Index
21
Application Layer – WAP


21.1
WAP gateway


32
Development standards


32.1
WML


42.2
VoiceXML


42.2.1
Voice Services


52.2.2
Architectural model


52.3
JSP


72.4
Java and the network


72.4.1
Java 2 Micro Edition


72.4.2
Configuration


82.4.3
Profile


93
Network Bearers


93.1
General Packet Radio Service


123.2
WAP over GPRS


143.3
Universal Mobile Telecommunication System


143.4
WAP over UMTS


153.5
Bluetooth


163.6
WAP over Bluetooth




1 Application Layer – WAP

The Wireless Application Protocol (WAP) is a hot topic that has been widely hyped in the mobile industry and outside of it. WAP is simply a standardized way that a mobile phone talks to a server installed in the mobile phone network.
WAP embraces and extends the previously conceived and developed wireless data protocols. Phone.com created a version of the standard HTML (HyperText Markup Language) Internet protocols designed specifically for effective and cost-effective information transfer across mobile networks. Wireless terminals incorporated a HDML (Handheld Device Markup Language) microbrowser, and Phone.com's Handheld Device Transport Protocol (HDTP) then linked the terminal to the UP.Link Server Suite that connected to the Internet or intranet where the information being requested resides. The Internet site content was tagged with HDML.

WAP is a hot topic for several reasons:
· It provides a standardized way of linking the Internet to mobile phones, thereby linking two of the hottest industries anywhere.  

· Its founder members include the major wireless vendors of Motorola, Nokia, and Ericsson. 

· By April 2000, the WAP Forum had over 350 member companies. 

Mobile information services have not been as successful as many network operators expected. WAP is seen as a way to rectify this situation. 

WAP also has its detractors and controversies:
· Compared with the installed base of Short Message Service (SMS) compliant phones, the relative number of handsets supporting WAP is tiny. WAP is a protocol that runs on top of an underlying bearer. None of the existing GSM bearers for WAP- the Short Message Service (SMS), Unstructured Supplementary Services Data (USSD) and Circuit Switched Data (CSD) are optimized for WAP. 

· There are many WAP Gateway vendors out there competing against each other with largely the same standardized product. 

· Other protocols such as SIM Application Toolkit and Mobile Station Application Execution Environment (MExE) are respectively already widely supported or designed to supercede WAP. 

· WAP services are expected to be expensive to use since the tendency is to be on-line for a long Circuit Switched Data (CSD) call as the end user uses features such as interactivity and selection of more information. Without specific tariff initiatives, there are likely to be some surprised WAP users when they see their mobile phone bill for the first time after starting using WAP. 

1.1 WAP gateway

The WAP Gateway is essentially a piece of middleware, taking information from a web server, processing it, and sending it out over the mobile network to a WAP client.

Someone with a WAP-compliant phone uses the in-built microbrowser to: 

1. Make a request in WML (Wireless Markup Language), a language derived from HTML especially for wireless network characteristics. 

2. This request is passed to a WAP Gateway that then retrieves the information from an Internet server either in standard HTML format or preferably directly prepared for wireless terminals using WML. If the content being retrieved is in HTML format, a filter in the WAP Gateway may try to translate it into WML. A WML scripting language is available to format data such as calendar entries and electronic business cards for direct incorporation into the client device. 

3. The requested information is then sent from the WAP Gateway to the WAP client, using whatever mobile network bearer service is available and most appropriate.
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Figure 1 – WAP Architecture

There are several vendors of WAP Gateways that network operators, content providers and application developers can work with to develop WAP-based services. WAP Gateways are installed into the mobile phone network to provide a gateway between the Internet and different mobile non-voice services such as the Short Message Service, Circuit Switched Data and General Packet Radio Service.
2 Development standards

2.1 WML

WML (Wireless Markup Language) is a markup language based on XML. The WML official specification is developed and maintained by the WAP Forum (an industry-wide consortium founded by Nokia, Motorola, and Ericsson) and defines the syntax, variables, and elements used in a valid WML file. 

WML is the language used to create applications that run on cell phones and other wireless devices. It was designed for low-bandwidth, small-display devices including cellular phones and pagers.

If a phone or other communications device is said to be WAP-capable, means that it has a piece of software loaded onto it (known as a microbrowser) that fully understands how to handle all entities in the WML DTD.

A single WML document (i.e. the elements contained within the <wml> document element) is known as a deck. A single interaction between a user agent and a user is known as a card. Depending on your client’s memory capabilities, it may be necessary to split multiple cards up into multiple decks to prevent a single deck from becoming too large. 

	Hello World 



	<?xml version="1.0"?> 

<!DOCTYPE wml PUBLIC "-//WAPFORUM//DTD WML 1.1//EN http://www.wapforum.org/DTD/wml_1.1.xml">


<wml> 


  <card id="Card1" title="Wap-UK.com"> 

  
    <p> 


      <!-- Hello World example -->


      Hello World 


    </p> 


  </card> 


</wml>


Table 1 - Example of a very simple WML file:

2.2 VoiceXML

VoiceXML, is a Web-base markup language for voice applications based on eXtensible Markup Language (XML). It is a specification of the VoiceXML Forum, an industry organization founded by AT&T, IBM, Lucent and Motorola, and chartered with establishing and promoting the VoiceXML.

It’s major goals are:

· bring the advantages of web-base development and content delivery to interactive voice response applications;

· enables integration of voice services with data services using the familiar client-server paradigm.

While HTML assumes a graphical web browser, with display, keyboard, and mouse, VoiceXML assumes a voice browser with audio output (computer-synthesized and/or recorded), and audio input (voice and/or keypad tones).

2.2.1 Voice Services 

Making use of the VoiceXML language is possible to develop services that allow making a call from any phone (wire-line or wireless) and retrieves information from the Internet or performs transactions.

Some types of voice applications are:

· Web portal-type information (weather, stocks, news, sports, etc.);

· E-commerce

· Intranet applications (interact with corporate database);

· etc…

In VoiceXML a voice service can be described (in a VoiceXML document) as a sequence of interaction dialogs between a user and an implementation platform. Each VoiceXML document forms a conversational finite state machine while an entire application is described by a set of documents.

The user is always in one conversational state or dialogs at a time and each dialog determines the next dialog to transition to. Transitions are specified using URIs which define the next document and dialog to use. Execution is terminated when a dialog does not specify a successor, or if it has an element that explicitly exits the conversation.

2.2.2 Architectural model 

At a high level, the architectural model for Voice services compared to that for Web services is the following:
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Figure 2 – Voice service Architectural Model

Voice services reside on the Web server. The access to voice applications over the phone is done through the VoiceXML Gateway that functions as the liaison between a telephone line and Internet. The VoiceXML Gateway is a computer server connected to the Public Switched Telephone Network (PSTN) via phone lines and to the Internet via an Internet connection.

The VoiceXML Gateway includes Voice Browser software, Automatic Speech Recognition (ASR) software, and Text-to-Speech (TTS) software.

The Voice Browser, closely analogous to a graphical web browser (e.g., Netscape, Internet Explorer) interacts with the user via dialogue specifications fetched from the Internet (VXML pages) rather than via HTML pages.

The output is rendered via recorded prompts (fetched from Web or in local files (.wav)); or via text by text-to-speech (TTS) engine. Instead, input are fetched via DTMF key presses or via spoken words recognized by an automatic speech recognition (ASR) engine (matched with grammars internal or external).

2.3 JSP

JavaServer Pages technology separates the user interface from content generation enabling designers to change the overall page layout without altering the underlying dynamic content.

This because a JSP page is a text-based document that contains two types of text: static template data (which can be expressed in any text-based format such as HTML, WML, XML) and JSP elements (which construct dynamic content).

JavaServer Pages technology is an extension of the JavaTM Servlet technology. Servlets are platform-independent, 100% pure Java server-side modules that fit seamlessly into a web server framework and can be used to extend the capabilities of a web server with minimal overhead, maintenance, and support. Unlike other scripting languages, servlets involve no platform-specific consideration or modifications; they are Java application components that are downloaded, on demand, to the part of the system that needs them.

Together, JSP technology and servlets provide an attractive alternative to other types of dynamic web scripting/programming that offers platform independence, enhanced performance, separation of logic from display, ease of administration, extensibility into the enterprise and most importantly, ease of use.

The JSP specification is the product of industry-wide collaboration with industry leaders in the enterprise software and tools markets, led by Sun Microsystems. Sun has made the JSP specification freely available to the development community, with the goal that every web server and application server will support the JSP interface. JSP pages share the "Write Once, Run AnywhereTM" characteristics of Java technology. JSP technology is a key component in the Java 2 Platform, Enterprise Edition, Sun's highly scalable architecture for enterprise applications.

At first glance, a JSP page looks similar to an HTML (or XML) page--both contain text encapsulated by tags, which are defined between <angle brackets>. While HTML tags are processed by a user's web browser to display the page, JSP tags are used by the web server to generate dynamic content. These JSP tags can define individual operations, such as making a method call to a JavaBean, or can include blocks of standard Java code (known as scriptlets) that are executed when the page is accessed.

To see how this all happens, here's a sample JSP page that includes both static HTML content and dynamic data generated from a JavaBean. When the user accesses this page, it prints the current day of the month and the year, and adds a greeting based on the time of day (either "Good Morning" or "Good Afternoon"). For simplicity, JSP tags are shown in bold:

	<HTML> 
<%@ page language="java" imports="java.util.*" %> 

<H1>Welcome</H1> 

<P>Today is </P> 
<jsp:useBean id="clock" class="jspCalendar" /> 
<UL> 
<LI>Day: <%= clock.getDayOfMonth() %> 
<LI>Year: <%= clock.getYear() %> 
</UL> 
<%-- Check for AM or PM --%> 
<%! int time = Calendar.getInstance().get(Calendar.AM_PM); %> 
<% 
if (time == Calendar.AM) { 
%> 
Good Morning 
<%
} 
else { 
%> 
Good Afternoon 
<%
} 
%> 
<%@ include file="copyright.html" %> 
</HTML>


Table 2 - Example: creating JSP Pages

2.4 Java and the network

In the post-PC era, the market for network-connected devices continues to grow at an enormous rate. While new classes of devices like smart cellular telephones, pagers, and PDAs proliferate, traditional consumer electronics including televisions, VCRs, CD players, and game machines are also becoming smarter and gaining new capabilities. Whether these devices are new or just more powerful versions of existing products, all are becoming increasingly interconnected across a network.

In the six years since Sun’s introduction of the Java platform, Java technology has become an essential component for getting work done on the network. With the advent of PersonalJava, EmbeddedJava, and other Java technologies, the benefits of the Java platform are being extended to screen phones, set-top boxes, and even deeply embedded devices. In order to provide compelling Java technology solutions for manufacturers building devices across the spectrum from palmtops to desktops, Sun introduced Java 2 Platform, Micro Edition (J2ME) software.

2.4.1 Java 2 Micro Edition

J2ME is a new, very small Java application environment. It is a framework for the deployment and use of Java technology. Sun will provide J2ME software in configurations suitable for a variety of market segments.
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Figure 3 – J2ME configuration

2.4.2 Configuration

A configuration is comprised of a virtual machine, core libraries, classes and APIs. Currently, there are two J2ME configurations: the Connected Limited Device Configuration (CLDC) and the Connected Device Configuration (CDC).

CLDC is designed for devices with constrained CPU and memory resources. Typically, these devices run on either a 16- or 32-bit CPU and have 512 Kbytes or less memory available for the Java platform and applications.

CDC is designed for next- generation devices with more robust resources. Typically, these devices run on a 32-bit CPU and have 2 Mbytes or more memory available for the Java platform and applications.

Built into this core platform is the capability to receive not just application code, but libraries that form part of the Java 2 platform, itself. This enables a J2ME environment to be dynamically configured to provide the environment that the consumer needs to run an application, regardless of whether all the Java technology based libraries necessary to run the application were present on the device when it shipped.

2.4.3 Profile

To further enhance the value of the J2ME environment and assure its ability to provide a focused solution to particular device categories and industries, Sun allows industry groups to define Java technology-based profiles specific to their industry. These profiles are specifications that define a Java technology-based platform suited to a specific industry or class of device.

A profile targeted at the wireless market and utilizing CLDC can retain a very small footprint, consume little power, and provide as much capability as is needed for handheld devices. Devices that require more capable environments can receive profiles that provide additional functionality and are based on CDC. All profiles share a J2ME base as well as the ability to safely download code onto a device and configure the Java environment.

Profiles are defined through the Java Community Process, and may be initiated by industries without Sun’s direct involvement. A single company or group of companies can extend tailored Java environments to diverse device types and industries not addressable.
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Figure 4 – J2ME profile

From PDAs to desktops, the reach of Java technology across the device spectrum and the simplicity of J2ME device-based deployment is key to Sun’s strategy of enabling anytime, anywhere service deployment.

3 Network Bearers

3.1 General Packet Radio Service

The General Packet Radio Service (GPRS) is a wireless data service provided over the GSM network. Figure 2 shows how GPRS (like GSM) is mapped on the lowest layers of OSI protocol stack; therefore, it does not specify the applications running on top of it.
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Figure 5 – GPRS mapped on the OSI Layers

GSM network adopts a circuit switched system to dedicate a channel for each communication, with 1:1 connectivity between subscribers. Since the channel is dedicated, the billing is based on usage time. When no more channels are available in a cell in a period of time (system overload) the busy signal is supplied for new call attempts. In this connection-oriented paradigm, part of the time is spent in call setup. The dedicated channel offers a low delay, in the order of millisecond; therefore, real-time applications are possible.
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Figure 6 - GSM Circuit Switch environment

On the other hand, GPRS allows the sharing of common channels between more users, employing what is called the packet switch system. Each user puts its pieces of information (data packets) on the radio resource, according to the QoS negotiated with the network, and the network switches them to the recipients. Each packet contains the address of the sender and the destination.
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Figure 7 - GPRS Packet Switch environment

GPRS packet switch technology introduces several benefits respect to GSM circuit switch: the type of connectivity could be extended also to 1:n and n:m modes; once the user terminal is registered (attached) and the parameters of communication are negotiated, it can send data packets at any time, without no waiting for call setup, and with the ability to have billing based on data amount sent; due to the dynamic use of the radio resource, system overload may slow down the transmissions (data rates, delays) more than rejects new users. Channel sharing, data segmentation, and packet switching introduce network latency (up to 2 seconds) that allows “near real-time” applications more than real-time applications.

Specific GSM radio channels are defined for GPRS, and the allocation of these channels is flexible: from 1 to 8 radio interface timeslots can be allocated per TDMA frame, timeslots are shared by the active users, and up and downlink are allocated separately. The radio interface resources can be shared dynamically between speech and data services as a function of service load and operator preference. Various radio channel coding schemes are specified to allow bit rates from 9 to more than 150 kbps per user.
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Figure 8 – GPRS data rates

As Figure 5 shows, CS-1 coding scheme, which best protects the data in term of residual bit error rate, allows 9.05 kb/s data rate per channel. On the contrary, CS-4, which is used for low quality data transmission, allows 21.4 kb/s data rate per channel.

Three GSM MS modes of operation are supported: An MS in class-A mode of operation operates GPRS and other GSM services simultaneously. An MS in class-B mode of operation monitors control channels for GSM GPRS and other GSM services simultaneously, but can only operate one set of services at one time. An MS in class-C mode of operation exclusively operates GSM services.

User data can be compressed and protected with retransmission protocols for efficiency and reliability. In GSM, GPRS security functionality is equivalent to the existing GSM security. The a network node (SGSN) performs authentication and cipher setting procedures based on the same algorithms, keys, and criteria as in existing GSM. GPRS uses a ciphering algorithm optimised for packet data transmission. A GPRS terminal can access the GPRS services with SIMs that are not GPRS-aware, and with GPRS-aware SIMs. Cell selection may be performed autonomously by a mobile, or the base station system instructs the mobile to select a certain cell. The mobile informs the network when it re-selects another cell or group of cells known as a routeing area.

Once the Packed Data Protocol context is activated (after the mobile GPRS attach), the user terminal is assigned an IP address, that let the user to access the operator Intranet, and the Internet, through a generic gateway or a WAP gateway to access WAP contents.
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Figure 9 – GPRS Internet connectivity

Large volume of data can be exchanged according to the user terminals capability. While technology is moving through devices more powerful, with bigger memory, and an enhanced man-machine interface, it is already possible to employ this reliable, low cost, and fast wireless data transmission via modem connectivity.
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Figure 10 – GPRS modem session

3.2 WAP over GPRS

The Wireless Application Protocol (WAP) is an open, global specification that empowers mobile users with wireless devices to easily access and interact with information and services instantly. The Transport layer protocol in the WAP architecture consists of the Wireless Transaction Protocol (WTP) and the Wireless Datagram Protocol (WDP). The WDP layer operates above the data capable bearer services supported by the various network types, among which GSM, GPRS, and UMTS. As a general datagram service, WDP offers a consistent service to the upper layer protocol (Security, Transaction and Session) of WAP and communicate transparently over one of the available bearer services. The protocols in the WAP family are designed for use over narrowband bearers in wireless telecommunications networks. Since the WDP protocols provide a common interface to the upper layer protocols (Security, Transaction and Session layers), they are able to function independently of the underlying wireless network. This is accomplished by adapting the transport layer to specific features of the underlying bearer.

 WAP is designed to work with most wireless networks. Figure 8 shows the mapping of WAP services over the OSI stack, using GPRS as network bearer.
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Figure 11 – WAP mapped on the OSI Layers

Figure 9 illustrates the protocol profile for the WDP layer when operating over the GPRS bearer service. GPRS supports IP to the mobile therefore UDP/IP will provide datagram services.
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Figure 12 – WAP over GPRS

WAP over GPRS introduces a lot of benefits respect to WAP over GSM, in terms of delay and cost. It reduces the wasting of time to establish the connection with the WAP gateway, since a GPRS device is always connected to the IP network, and the costs are based on the actual amount of information exchanged with the content provider.
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Figure 13 – Establish a WAP session over GSM

Therefore, WAP over GPRS offer an effective solution for small amount of data exchange, and for request-response data traffic (both interactive and transactional), which are the typical characteristics of Web communications.
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Figure 14 - Establish a WAP session over GPRS

3.3 Universal Mobile Telecommunication System

UMTS (Universal Mobile Telecommunication System) represents a completely different technology respect to GSM, although its backbone relies upon the evolution of GPRS IP infrastructure. It makes a more effective use of the radio resource, with the W-CDMA access technology, offering a higher bandwidth to the subscriber’s terminal. Two upper bounds for data rates are foreseen based on user mobility: up to 144 kbps for user with high mobility: up to 2 Mbps for user with low mobility. UMTS channel are placed in the 1900-2200 MHz frequency band.

GPRS is now supporting efficient cost effective packet data on GSM, unleashing the potential of WAP to deliver Internet content on the move. UMTS introduces higher data rates and real time quality of service, allowing both video and voice services to be delivered over the IP path. In the future, we will see a significant step forward with the introduction of IP transport and switching and the emergence of true multimedia services. Continued focus on evolving the standards will see the full realisation of peer-to-peer IP based networks, where services can be fully converged over wireline and wireless IP based access networks. IP based M-Commerce will accelerate and, thanks to more powerful user handsets, applications will run directly on the terminal enabling secure transactions.

3.4 WAP over UMTS

The high level architecture for WAP includes the WAP gateway, with the main tasks of encoding/decoding application data, and to terminate the WAP stack at the network end. The encoding reduces the amount of data to be transferred, moreover, it soften the processing constraints of the user terminal. The WAP stack is optimise to work in networks where the radio resource is the most critical, therefore it introduces several optimisations respect to HTTP and TCP.
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Figure 15 – WAP architecture with gateway

In theory, UMTS eliminates all these restrictions in the utilisation of radio resource; therefore, a new paradigm of interaction between the terminal and the network can be taken into account. Nevertheless, the persistence of handsets limitations, even if only in terms of user interface performances, could justify the use of a sort of gateway, also in the UMTS scenario. 
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Figure 16 – UMTS Internet connectivity without gateway

Figure 12 and Figure 13 represent the above concepts in the context of Java enabled devices.

3.5 Bluetooth

The Bluetooth is specifically designed to provide low-cost, robust, high-capacity ad-hoc voice and data wireless networking in the 2.4 GHz ISM band. Although the band is unlicensed, there is still a number of FCC and other requirements to which adhere. In addition, there are also radio environment problems to address:

• Channel bandwidth is limited to 1 MHz

• Multiple channels, or networks, may not be coordinated

• Spectrum spreading must be employed

• Uncoordinated systems may cause severe interference

• Microwave ovens use this band and can cause interference

• 2.4 GHz IC electronics must run at high current levels

The Bluetooth solution to a robust and low-cost, yet efficient, radio is based on the following characteristics:

• 1 Ms/s symbol rate exploits maximum available channel band width

• Fast frequency hopping avoids interference

• Short data packets maximize capacity during interference

• Fast acknowledgement allows low coding overhead for good links

• CVSD voice coding enables operation at high bit-error rates

• Flexible packet types support wide application range

• Relaxed link budget supports low-cost single-chip integration

• Air interface tailored to minimize current consumption

• Adaptive output power minimizes interference

With these design features, Bluetooth provides extremely flexible and high data rate links in the presence of severe interference. Bluetooth does this without sacrificing performance when signal conditions are good. If the surrounding interference is increased, the degradation is very graceful. Throughout the design of Bluetooth, completely integrated implementation has always been at a premium. The Bluetooth network supports both point-to-point and point-to-multi-point connections. Several ad-hoc piconets (subnets) can be established and linked together. Each piconet is established by a different frequency hopping channel. All users participating on the same piconet are synchronized to this channel. The topology can best be described as a multiple piconet structure.

Bluetooth’s technology enables a new set of possibilities and services. Automatic synchronization of a mobile telephone with a desktop/notebook PC or a handheld Personal Digital Assistant (PDA) device will be possible. This could be configured to occur whenever the user comes within range of these devices. It will also be possible to send digital images via a mobile telephone from a Bluetooth-compliant digital camera. Bluetooth will allow a new range of personalized services in which the user is recognized using his PDA or same other Bluetooth device. In an airport lounge room, he could be informed about his ticket, about delays of his fly, about his luggage, and about all the available services in the airport. Users could moreover use the same device to take advantage of all the services provided in the place where they are, to obtain useful information, to locate points of interest and to communicate. As an example, an environment could provide free Internet access, or a messaging system to communicate with the other present people. In a theme park, users could be advised about the beginning of a show, or when their turn comes if they are waiting in a queue for an attraction, and in a museum tourist could obtain explanations and multimedia information about what they are seeing.

3.6 WAP over Bluetooth

In many ways, Bluetooth can be used like other wireless networks with regard to WAP. Bluetooth can be used to provide a bearer for transporting data between the WAP Client and its adjacent WAP Server. Additionally, Bluetooth’s ad hoc nature provides capabilities that are exploited uniquely by the WAP protocols.

The traditional form of WAP communications involves a client device that communicates with a Server/Proxy device using the WAP protocols. In this case, the Bluetooth medium is expected to provide a bearer service as specified by the WAP architecture.
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Figure 17 – WAP over Bluetooth
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