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1  Problem

1.1 A high-level Description

The mass deployment of IEEE 802.11 based wireless local area networks (WLAN), and increased sales in handheld devices supporting WLAN, have resulted in an urgent need to support fast WLAN roaming while wireless users are on the move. The customarily solution for laptops is switching from the current access point to a new one, but it is not appropriate to handheld applications. Every time when the cellphone or PDA switches from an access point to another, the connection would be broken. 

In the master thesis, we will describe the principals of a roaming algorithm, compare and test the properties of different roaming algorithms, and finally design a fast WLAN roaming algorithm for handheld applications ourselves base on the comparison and analyses of other algorithms.

1.2 Background

Since their emergence in the 1970s, wireless networks have grown rapidly in the past decade and are becoming a preferred approach for accessing the Internet. 

The WLAN defined by IEEE 802.11 committee is the wireless extension of the LAN technologies [1]. It uses electromagnetic radio waves to transport data between computers in a Local Area Network (LAN), without the limitations set by "hard wired network cable or phone wire connection".

Access points are base stations for the wireless network. They transmit and receive radio frequencies for wireless enabled devices to communicate with. Nowadays, the mobility between access points is done by disconnecting from the current AP, scanning for a new AP and then trying to connect to newly found AP. 

In fact, roaming is a complex and time consuming process. 802.11 roaming is known as "break before make," referring to the requirement that a station serves its association with one AP before creating an association with a new one [2]. This process facilitates a simpler MAC protocol and radio, but it might seem unintuitive because it introduces the possibility for data loss during roaming.

Hence, a new task group, TGr (802.11r) was formed to provide solutions to reduce the time taken for the BSS (Basic Service Set) transitioning process. The aim of the new initiative is to ensure that most of the authentication processes are performed before the station actually begins roaming. 

The roaming is supposed to be “seamless” because network applications require constant network connectivity during the roaming process. Seamless means there is no noticeable period of network unavailability because of roaming. 

1.3 User Scenarios

Many different user scenarios can be imaged for wireless LAN on hand-held devices:

· VoIP

Voice-over-IP solutions based on SIP and Skype are now widely spread and accepted by end-users. Today, the user can use the VOIP by his or her cellphone directly instead of a laptop. VOIP is the routing of voice conversations over the Internet or through any other IP-based network. However, the quality and overall reliability of the phone connection is entirely reliant upon the quality, reliability, and speed of the internet connection which it is using. Because UDP does not provide a mechanism to ensure that data packets are delivered in sequential order, or provide Quality of Service guarantees, VoIP implementations face problems dealing with latency and jitter. A jitter buffer is used to ensure the audio stream maintains a proper time consistency in case of IP packets delay or missing. But if the roaming time is more than 50ms for a VOIP cellphone, the connection will be break. 

· Music/Video streaming

Besides the audio data transmission from an access point to a cellphone in the WLAN, the video data transmission can also be supported. The user can listen to the music or see a film according to his or her cellphone in a WLAN. Most video players also have buffers to deal with packets loss, but if roaming time is long it would be a problem too. 

· Web browsing 

Nowadays many cellphone has the “surf online” function: the user can browse webpages with his or her cellphone when it can connect with WLAN. Because browsing has burst type traffic pattern, here roaming is not a really big problem. The user can also accept some waiting time, and even if the webpage is not available this time, the user can refresh it the next time.

1.4 Architecture

The network architecture in a WLAN enabled computer network tend to vary quite a lot. It all depends on the purpose of the network. Some networks are designed only to be an open wireless “hot spot” like e.g. an internet café. A typical internet café is usually covered by one single access point so these types of locations are not really interesting for this project. Large open wireless networks using several access points are not widely deployed probably because of the lack of earnings. There are some of these large open WLAN zones in e.g. parks or small cities but they are more or less considered as charity or paid by the county.

WLAN zones where you have to pay are more common. Locations for these types of networks are typically public places that gather many people like airports, train stations and shopping malls. These networks are especially designed for this purpose and are not connected to any corporate network, but works just as a portal to the Internet.

All corporations today have a computer network and many of them have wireless interfaces as well. These networks can look very different depending on the size of the network or company and what type of security policies that are used. In these networks the user must authenticate a generalisation of a corporate computer network with WLAN is logically illustrated below.
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In this project the main focus is on hand-held devices such as WLAN enabled cellphones, smartphones and PDAs. When moving within a WLAN zone the device must at some time switch from one access point to another.
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In illustration 2 the user is moving away from access point 1 towards access point 2. At some time the connection with access point 1 will be so poor that communication no longer is possible. The point of hand-over in a WLAN zone is to switch to a new access point before the connection with the old one is lost.
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As seen in illustration 3 above the signal strength from the old access point (red line) gets worse than the signal strength from the new access point (blue line). At some time a decision to switch access point has to be made. This decision can be made by the hand-held device itself or the network can have mechanisms to handle this. Accordingly client based or server based solution.

· (architecture on different solutions...?)

1.5 Technical Challenges

There are many challenges that can come up in this type of project. In this section we try to foresee some of the technical challenges. To provide transparency for the user the handover should be done automatically without user interaction. The goal is that the user not even will notice any interruptions during a handover, this is called a seamless handover.

Like described in the previous section a decision to do a handover must be made. This decision has to be based on some input parameters. In a client based solution the hand-held device itself must search for and detect all access points in range and measure the input parameters. These input parameters could be signal strength, time and/or bit-error rate. To make it robust, averages of the input parameters must be computed ensuring a good decision choice. In a server based solution the server will collect information about signal strength and bit-error rate from all the access points in the network. Based on this information the server can decide when a handover is appropriate. The server can prepare the network for a handover and tell the hand-held device to perform the handover. The problem with a network based solution is compatibility issues. A standardised interface between the server and the client would be needed. The complexity of the network based solution would increase even more if not only handover within one WLAN zone but roaming between different WLAN zones should be possible.

One issue that would be easier with a network based solution is redirecting streams. If a user is watching a video from the Internet (streaming) and moving past several APs, the video stream has to be redirected from the original AP till the AP he is currently connected to. The server controlling the handovers could easily redirect this stream to a new AP. In a client based solution it would not be that trivial. It would depend on the functionality in the AP, is it a bridge, a router or just an access point.

WLAN is not designed for high-speed movement nor movement at all actually. High-speed movement would lead to dramatically slowing down the link speed or even break the connection. This has to do with the Doppler effect and a longer guard space between the data packages like in e.g. a GSM system would be required to solve this problem. Movement less than 5-10 km/h is not considered a threat to the WLAN connection.

Another concern is the phone capabilities. Do phones have enough spare resources (memory and processing power) to do the measurements and computations required in the client based solution. Does the WLAN driver of the phone even allow listening to the signal strength of many APs at the same time, and while connected to one of them. Will all this WLAN activity reduce the operating time of the battery considerably.

2  Assumptions & Limitations

· IP capable phone

· Wifi + related libraries and APIs

· Speed < 10 km/h

3  State of the Art

In this chapter we will present other solutions, these solutions will maybe be the sub-chapters in this section...???
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4  Research

4.1 Functionality

· input parameters

4.2 Comparison

4.3 Platform

4.4 Design

4.5 Prototype

4.6 Programming

4.7 Evaluation & Testing

5  Organisation

5.1 Critical Resources

5.2 General Plan

5.3 Gantt Chart

5.4 Report Guidelines

Fonts, spaces, pictures+++

Appendices

A.1  Acknowledgements

First we would like to thank our future master thesis supervisor at Agder University College professor Frank Reichert for guidance and good discussions during the process making this master thesis proposal. We also would like to thank ?, ? and ? at Ericsson Mobile Platforms for XX.

A.2  Glossary & Abbreviations

(In alphabetical order)

AP – Access Point

Handover - 

LAN – Local Area N

PDA – Personal Digital Assistant

Roaming - 

SSID – Service Set Identification

Streaming - 

VoIP – Voice over Internet Protocol

WLAN – Wireless Local Area Network

WLAN Zone – An area covered by APs in the same network/using the same SSID
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