


Abstract 

There has been a great concern by cellular providers about the impact Wireless Local Area Network 

(WLAN) systems that are based on 802.1 1b wireless standard pose to mobile business [24]. While 

cellular providers are still trying to offer high GPRS (General Packet Radio Service) data rates of more 

than 57kbps, 802.11b, also known as Wi-Fi, is already achieving more than 100 times 2.5G network 

data rates at 1 to 11Mbps. A user can enjoy high data rates using Wi-Fi in the comfort of a wireless 

connection to the Internet, but looses connection if he roams out of the range of the Wi-Fi Access 

Point (AP) covering the Mobile Node. In GPRS the user need not worry about the range shortcoming 

of the network, but the lower data rates of the connection to the Internet as well as the more expensive 

costs, which are shortcoming when compared to Wi-Fi. The apparent solution for fulltime coverage 

and high data rates at low cost during data communication is to integrate the two networks. This 

integration has proved to be a challenge for mobile operators in terms of offering mobility between 

2.5G networks and 802.1 lblalg networks. 

This thesis describes research followed to realize and evaluate performance of a handover mechanism 

based on signal strength criteria between GPRS and 802.11b access networks. The purpose is to 

integrate the two access networks with one Mobile Node (MN) and to evaluate the performance of a 

Mobile-Node initiated handover based on signal strength. This paper also describes the developed 

GPRSl802.11b testbed using Mobile IP standard (RFC 2002) to achieve handover between the hybrid 

networks. Mobile IP is an open standard still being refined by the IETF (Internet Engineering Task 

Force) to allow all IP based communication devices to roam from one network to the other. 
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2.3 GPRS architecture [8, 10]
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Figure 2.1 GPRS Architecture [8]

A new class of network nodes called GPRS support nodes (GSN) were integrated into the existing

GSM architecture. These nodes are the serving GPRS support node (SGSN) and the gateway GPRS

support node (GGSN). GSNs are responsible for delivering and routing of data packets between

MNs and the external packet data networks (PDN). Figure 2.1 illustrates the system architecture.

These nodes interwork with the home location register (HLR), the mobile switching centre/visitor

location register (MSCNLR) and the base station subsystem (BSS). The following subsections will

describe basic function of these mentioned nodes [8].

2.3.1 Serving GPRS Support Node (SGSN)

The SGSN physical entity is in general responsible for the communication between the GPRS

network and all the GPRS users located within its service area (service area is discussed in section

2.3.1.1). Some of the functions performed by the SGSN are:
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Figure 2.11 Extended Service Set architecture

The range between MNs and APs is up to 100m (dependingon data rate), but the overall range of

an ESS is limited only by the range of the wired distribution system. Also, ESSs can be further

extendedwith wireless links up to several miles by the use of directionalrange extenderantennas.

2.15 IEEE 802.11 standards

Just as IEEE 802.3 Ethernet has evolved to become the predominant wired LAN technology, the

IEEE 802.11 standard has also emerged as predominant WLAN. Like all IEEE 802 standards, the

802.11 standard focuseson the bottom two levels of the ISO model, the physical layer and data link

layer. Any LAN application, network operating system or protocol, including TCP/IP, can run on

802.11 compliant WLAN as easily as they run over Ethernet. The 802.11 standard allow for three

types of transmissions, which are: Frequency Hopping Spread Spectrum (FHSS), Direct Sequence

Spread Spectrum (DSSS)and OrthogonalFrequencyDivisionMultiplexing(OFDM) [10,25].

2.15.1 Emergence of 802.11 b products

The question that is startling in regard to 802.11 standards is why 802.11b products came before

802.11a. The letters after the number "802.11" indicate the order in which standards were first
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Figure 3.8 MIP Registration process

If the registration request is sent through the Foreign Agent, the Foreign Agent checks the validity of

the registration request, which includes checking that the requested lifetime does not exceed its

limitations, the requested tunnel encapsulationis available, and that reverse tunnel is supported. If the

registration request is valid, the Foreign Agent adds the visiting MobileNode to its pending list before

relaying the request to the Home Agent. If the registration request is not valid, the Foreign Agent

sends a registration reply with appropriateerror code to the MobileNode.

The Home Agent checks the validity of the registration request, which includes authenticationof the

Mobile Node. If the registration request is valid, the Home Agent creates a mobility binding (an

association of the MobileNode with its care-of address), a tunnel to the care-of address,and a routing

entry for forwardingpackets to the Home Address through the tunnel.

The Home Agent then sends a registrationreply to the MobileNode through the Foreign Agent (if the

registration request was received via the Foreign Agent) or directly to the Mobile Node. If the

registration request is not valid, the Home Agent rejects the request by sending a registration reply

with an appropriate error code.

The Foreign Agent checks the validity of the registration reply, including ensuring that an associated

registration request exists in its pending list. If the registration reply is valid, the Foreign Agent adds
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4. Handover solutions

4.1 Introduction

The proliferationof 802.11b (Wi-Fi) based wireless LAN technologyand the benefits arising from the

associated broadband connectivityhave given rise to an aggressivedeploymentof public hotspots that

serve as broadband access networks. These hotspots are being deployed in prime locations like

crowded restaurants, cafeterias, enterprises, university campuses, and airports. The connectivity

services of these hotspots are primarily used to access and transfer data between a user's mobile

terminal and her Home Network. The increasing number of such hotspots promises a higher

bandwidthand connectivityon the move. Although 802.11wireless LAN links boast Mbps bandwidth,

their physical coverage is fundamentally limited because of the engineering constraints of the

underlying radio technology. To increase the coverage, one can deploy multiple wireless LAN

segments in an overlappedfashion as shown in Figure 4.1 [I].

Figure 4.1 802.lIb Overlapped scheme

As mobile terminals move across these overlapped segments,they can remain connectedcontinuously

by associatingwith appropriateAccess Points based on the perceived radio signal strength and quality.

The intelligence to measure the signal strength and switch among Access Points is built into the

wireless LAN interface cards, which expose various status and control information to device drivers.
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Figure 4.4 MIP UDP Tunneling through NAT {32J

This results in IP in UDP, GRE in UDP, and minimal encapsulationin UDP tunneling. To make sure

the mapping in the NAT will not be deleted, a keepalive packet must be sent when no packets have

been sent for a specific period, called the keepalive interval.It is very likely that reverse tunneling also

will be needed. There are two new registration extensions defined for this purpose: the UDP Tunnel

Request Extensionand the UDP Tunnel Reply Extension.

In case of a co-located COA, the MN adds the UDP Tunnel Request Extension to its Registration

message (before the MH authenticationextension)to notify the HA that it is capable of handling MIP

UDP tunneling. In case of an FA COA, the FA adds the UDP Tunnel Request Extension to its

Registration message (before the FH authentication extension) to notify the HA that it is capable of

handling MIP UDP tunneling; the MN does not know anything about the UDP tunneling then. In both

cases the HA may detect that the MN/FA is behind a firewall because the COA differs from the IP

source address. If the HA has detected this difference and supports MIP UDP Tunneling, it will reply

with an MIP UDP Tunneling Reply Extension to notify the MN/FA that the it will use MIP UDP

tunneling. The UDP tunnel extensions also exchangethe tunneling mode to be used. Figure 4.4 above

shows a schematicview of this registrationprocess in case an FA COA and reverse tunneling is used.
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strength testing mechanismcan be implementedto discover higher and lower limits of the RSS for

802.11b Access Points.
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Figure 6.1 shows that signal strength variation is a very important characteristicof signal strength

for the WLAN system experienced by the MN as it moves away from the Access Point. The MN

experiencesa rapid decreaseand increaseof the signal strength as it moves out of the WLANrange.

This can be seen in Figure 6.1 just below the thick horizontal black line that crosses point -80dBm

on the y-axis. Hence the user experiences inconvenientdata rates if changing between HN and FN.

It is because of this characteristicthat decisiontimed handoversthat are based on signal strength are

important, since the user could experience lower and higher data rates and temporary halt of data

session in rapid short bursts. Hence signal strength based criteria have to be improved in order to

provide a user with convenienthandoversas possible.

It was described in the preceding chapters that a tunnel must be establishedbetween a MN and HA

when using co-located COA Mobile IP architecture to achieve handover. Hence analysis of

handovers from one network to the other are done on the start and end of establishment of the

tunnel trom the MN to the HA. The creation and destruction of the tunnel implies handover

between GPRS and 802.11b WLANnetworks.

Threshold signal strength of -70dBm is used in the GPRS/802.11b handover test. The -70dBm is

selected because it is a safe quantitybefore the signal could be lost at -92dBmor vary frequentlyat

below -80dBm. Firstly, decision based on solely -70dbm threshold is experimented.Thereafter this

decision is implemented in combinationwith dwell time and number of counts the current signal

strength remainsbelow the minimumthreshold.

6.3 RSS criteria

The following figures depict graphs of the signal strength and MN's handovers between GPRS and

802.11b WLAN,respectively.Figure 6.3 shows the RSS experiencedby the MN as it moves away

and towards the AP. The minimum threshold signal strength for handover is -70 dBm. The tunnel

between the HA and the MN has to be destroyed as the MN experiences signal strength below -70

dBm. It has to be established as the MN experiences signal strength above -70 dBm. Figure 6.4

shows the destructionand establishmentof the tunnel as the RSS crosses the -70 dBm line.
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Figures 6.3 and 6.4 depict signal strength behaviour and handovers respectively. The handover

decisionbasedon Pnew < Xiowcriteriaresultedin a numberof shortdurationhandoversas can be

seen by circled parts in Figure 6.4 after 08:57, at 08:59 and before 09:04. This is due to short

duration variations in signal strength around the threshold of -70dBm. There were no handover

delays that were experienced in changing from GPRS to 802.11b or the other way around. The

following discussions on the two remaining criteria focus on eliminating the short duration

handovers shown in Figure 6.4 due to RSS variation aroundthe -70dBmthreshold.

6.4 Pnew less than X/owplus Td criterion

A dwelltime was includedin the criterionthat was onlybasedon signalstrengthi.e.Pnew < X/ow

criterion. Different dwell times were selected starting with 1 second up to 3 seconds. The addition

of the dwell time dictates that the handover should not be initiated immediatelyif the signal strength

threshold is crossed. Only if it is foundthat the signal strength is still below the minimumthreshold

after the dwell time, it is then the handover can be initiated. Figure 6.5 and 6.6 show results

obtained from combiningdwell time and criterionbased on signal strength.
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It can be seen from Figure 6.5 that the signal strength crosses the threshold line about 11 times

between points 11:13 and 11:14 and this resulted in one handover after 1 second shown in Figure

6.6. This is an improvement in handover as compared to the first criterion. Nevertheless there is a

shortcomingto this criterion.The dwell time functionedwell for a value of 1 second,but introduced

delays as the dwell time was increasedto 3 seconds.This method is effective for MobileNodes that

roam out of range of the WLANinto the GPRS network.

6.5 Pnew1ess than X/owfor N criterion

Figures 6.7 and 6.8 show the signal strength behaviourand handover of the Pnew< X/ow/orN counts

handover criterion,N was set to 3. This implies that the handover will be initiated if the threshold

signal strength is successively found to be below the threshold in 3 counts. The handover will not

occur if it is found that the current RSS is counted to be below the minimumthreshold for only once

or twice. It can be said that this criterion minimizes handover rate. This is noticed from the two

figures by realizingthe instant points the RSS crosses the threshold. This is realized betweenpoints

13:01 and13:02. There are 11 occurrences in which the RSS is below the threshold and the

handover is made only once. This could have resulted in 11unwantedhandovers for criterion solely
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basedon Pnew < Xtowdecision.It can also be realizedthat thereare morethan 3 crossingsof the

threshold between points 13:04 and 13:05which result in no handover. There were no delays in

handover as compared to the second criterion of dwell time even when N was increased beyond 3.

Hence the unwanted handovers and delays are minimized as compared to the other two preceding

experiments.
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