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Abstract

A number of partitioning strategies have been proposed for the deployment of the GPRS mobile services. This paper considers two new strategies and compares them with two previously developed ones. It has been found that one of the new strategies, called bit rate separation, provides improved network utilisation and improved quality of service for the different users.
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1 Introduction

This paper will concentrate on partitioning strategies and their influence on the performance of General Packet Radio Service (GPRS) services over GSM networks. The GSM network works by controlling all call routing in the network subsystem and transferring data from there to mobile users.  The location of mobile equipment is traced and allocated to a local transmitter.  When the network subsystem needs to route a phone call to a user, it sends the signal through the local transmitter to the users’ mobile equipment. GSM uses a circuit switched network to provide mobile communication to users.  GPRS involves the addition of a packet switched network to the existing GSM network structure.  GPRS provides the ability to dynamically allocate radio bandwidth to users.  This means that a user accessing Internet facilities, which may include high graphical or video content, can be allocated a large bandwidth to cater for their needs, whereas a user only transmitting text will be allocated a minimal bandwidth.

The introduction of GPRS has also prompted the introduction of WAP (Wireless Application Protocol) over GSM.  WAP is a protocol like HTML that formats data for display on a mobile device.  Although WAP allows Internet pages to be viewed, the limitations of mobile devices restrict how data services can be utilised.  The most usable data services are text based and created specifically for WAP connections, but whatever is transmitted is currently limited by the 9.6Kbps bandwidth available using GSM.  The introduction of GPRS will increase this bandwidth considerably, which will allow many more services to be offered.  Users on a G3 network will be able to view full internet content, including live video without the slow load times currently affecting users on WAP over GSM.

The problem is that an acceptable method of managing both data and speech communication within a limited frequency range has not yet been found.  The current system employed by GSM does not cater for variable bandwidth requirements between speech and data communication.  New methods must prioritise between different types of connections and deliver the correct amount of bandwidth.  A system for determining when the network has reached capacity must also be introduced.  With a fixed bandwidth, when every channel is in use the network has reached capacity; with variable bandwidth a channels bandwidth can be reduced to allow a new connection.  This flexibility requires effective management in order to fully exploit the enhanced cell utilisation it offers.  Thus, access control must be heavily revised.

Results

The results compare the performance of the four partitioning strategies. A small sample of the results obtained is presented here. 
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This partitioning strategy provides eighty seven percent utilisation.  This is very high for a strategy involving traffic partitions, and is because both partitions contain traffic which can increase its bit rate to utilise available capacity. GPRS low bit rate connections can be between 5.35Kb/s and 171.2Kb/s, but the intended higher limit is only 42.8Kb/s because the service is designed for lower bit rates. The average bit rate for low bit rate GPRS connections is 35Kb/s, this is at the upper end of the intended range.  High bit rate GPRS connections can be between 42.8Kb/s and 171.2Kb/s, the average in the simulation is 98Kb/s which is comfortably within that range.

Graph 5.7 shows the average bit rate for both low and high bit rate GPRS traffic against load.  There is no GPRS traffic until load equals 0.4 when low bit rate traffic has about 85Kb/s, this is very high for the low bit rate service.  The low bit rate services bit rate then settles to just under 40Kb/s for the rest of the simulation

1.2  Bit Rate Sharing

The bit rate sharing strategy gives an overall utilisation of ninety-four per cent, although very high it is slightly lower than the utilisation for complete sharing.  The method used to split available capacity between high and low bit rate GPRS connections, may lead to some capacity being unused which would explain this lower utilisation.  The average bit rate for low bit rate GPRS connections is 45Kb/s, this is a little too high when one considers that the average high bit rate GPRS bit rate is only 90Kb/s.  These results suggest that the formula to distribute available cell capacity between GPRS connections needs some adjustment.

Graph 5.11 shows utilisation plotted against the percentage of that type of traffic in the cell.  Cell utilisation appears to be very stable for this partitioning strategy, nearly always remaining over eighty per cent.  There is only great change when the percentage of a type of traffic increases to over eighty per cent.  The graph shows that with low and medium levels of each type of traffic, the cell is reasonably stable in that all traffic types are treated equally, and the utilisation remains high.

Conclusion

The aim of this research is to study the best partitioning strategy for GPRS traffic over the GSM network, if any.  To do this the results from numerous simulations have been analysed.

A number of different partitioning strategies have been simulated.  The complete partitioning strategy does not let the cell perform efficiently.  There is a high blocking probability, low cell utilisation and low GPRS bit rates.  GPRS connections are too restricted; this gives the connections a low bit rate and therefore a poor quality of service.  GSM connections are over protected, which wastes cell capacity that could be used by GPRS connections.

The complete sharing partitioning strategy gives much better cell performance.  The cell utilisation is high, there are no blocked connections and GPRS connections have a reasonable bit rate.  The quality of service for GSM connections has not suffered by not being in a separate partition, this can be stated because there are no GSM connections blocked.  The GPRS average bit rate of 59Kb/s is a little low, ideally it should be about 100Kb/s.

The bit rate separation partitioning strategy has performed much better than its comparable strategy, complete partitioning.  The cell utilisation is surprisingly high, the blocking probability is only a little lower than that for complete partitioning and the GPRS bit rates are well within acceptable levels.  Moving the partition slightly to give more capacity to high bit rate connections, would give the high bit rate services a higher average bit rate at the expense of the low bit rate services.  This may further improve performance.

The bit rate sharing partitioning strategy has performed very well.  It has high cell utilisation, a very low blocking probability and reasonable GPRS bit rates.  This partitioning strategy requires some adjustment of the formula to distribute available cell capacity between GPRS connections.  This may then lead to greater utilisation and higher bit rates for the high bit rate GPRS connections.

In terms of cell utilisation, complete sharing gives the best result closely followed by bit rate sharing, both strategies give utilisation of over ninety percent.  This is not a surprise as these two strategies both have no partitions, which allows GPRS connections to use all available cell capacity.  The bit rate separation strategy has partitions but still returns an average utilisation of eighty seven per cent, this is because there is GPRS traffic on both partitions.  Complete partitioning gives utilisation of sixty one per cent, which is very low.

Complete sharing also provides the best blocking probability because no connections were blocked.  The average for the bit rate sharing strategy is about 0.0007, for bit rate separation it is about 0.04 and for complete partitioning it is about 0.055.  The higher blocking probability of the strategies containing partitions is to be expected, it is a trade off for guaranteeing a certain quality of service for connections.

Average GPRS bit rates are very low for complete partitioning, 11Kb/s is unacceptable.  Complete sharing gives a reasonable bit rate but it is still quite low.  The bit rate separation and sharing partitioning strategies offer more realistic bit rates. 

Separating GPRS traffic into high and low bit rate connections has improved GPRS performance.  When this is not separated, GPRS connections not requiring a high bit rate may still get one, which wastes cell capacity.  By creating a service for low bit rate GPRS connections, the majority of GPRS connections can be kept at a low bit rate, which makes cell capacity available for other connections.   This increases the number of GPRS connection the cell can service.  The two strategies with split GPRS traffic suggested by this project do not limit low bit rate connections to below a certain bit rate because this would reduce cell utilisation, when the capacity is available low bit rate connections can have a bit rate up to the maximum of 171.2Kb/s.  The strategies, however, do restrict high bit rate GPRS connections to being above 42.8Kb/s, this figure is also the preferred upper limit for low bit rate connections.  By setting a minimum bit rate for the high bit rate GPRS connections a certain quality of service can be guaranteed to these connections, but this does increase the blocking probability slightly.  This can be seen in the lack of blocks in complete sharing and the small blocking probability of bit rate sharing.  

It is financially sound to separate a standard service from a premium service and charge more for the premium service.  Separating levels of service will also allow for an improved marketing strategy for GPRS, and easier management of both cell resources and the user base.  The idea of separated levels of service may well be suitable for third generation mobile communications.  Introducing the idea for GPRS will give the opportunity to test and refine the idea further.

Having no partitions in a cell improves utilisation.  Improved bit rates can be gained through intelligent access control and separated levels of service.  Having no partitions in the cell leads to doubts over maintaining quality of service for GSM traffic, but this can still be guaranteed by prioritising traffic.  With a combination of separated GPRS traffic and no partitions the bit rate sharing partitioning strategy is the best strategy for GPRS traffic over the GSM network.

 The simulator has been written in Java. The method Java employs to manage computer memory limits the number of concurrent threads a program can use.  The simulator uses concurrent threads to model connections.  During simulation, the limit was found to be about one thousand threads, and therefore only one thousand connections can be generated for a simulation.  Thus, the density of connections in a simulation is dependant on the simulation time.  One thousand connections over a one hour simulation would be more than peak traffic, but simulation for only one hour would not give enough time for accurate average results to be gained.  Simulating for two hours is long enough for results to be accurate, but there are not enough connections to model peak traffic.

{note: due to reformatting for this symposium the reference links have been removed along with many figures. A copy of the full paper is available from the authors)
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		% GSM		Average Blocking Probability		Utilisation

		20		0.0395778428		40.8428581919

		40		0.0347444465		93.8774147977

		60		0.0339413157		92.1499454012

		80		0.0383149754		82.786862345

		100		0.0365072231		41.9489809648

		% GPRS LB		Average Blocking Probability		Utilisation		Average Lb Bitrate

		20		0.037728309		60.5507756008		99.3886597938

		40		0.035041862		94.0335643824		41.6068460389

		60		0.0354233272		91.2011584975		31.5430902422

		80		0.0336753779		83.5052793622		29.6310427066

		100		0.0356844389		37.1040126556		54.9776190476

		% GPRS HB		Average Blocking Probability		Utilisation		Average Hb Bitrate

		20		0.035755929		65.6590393846		148.3634259259

		40		0.0332617908		99.6517147056		78.1514728682

		60		0.0424691323		92.3457254768		73.975308642

		80		0.0443902498		86.3636363636		62.4166666667

		100		0		0		0

		Load		Average Blocking Probability		Utilisation		Average Lb Bitrate		Average Hb Bitrate

		0.2		0.0346365354		7.6526141295		0		0

		0.4		0.0345623037		36.256275221		171.2		0

		0.6		0.0346131547		54.5990693028		49.8588005437		132.68

		0.8		0.0476192698		64.9513226619		0		171.2

		1		0.0353658395		99.8931041218		36.9522686824		123.7411094225
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		Averages

		Total System Time		6648184.75

		Average Load		0.8772885018

		Average Gprs Lb Bitrate		34.7295400626

		Average Gprs Hb Bitrate		98.4246140974

		Utilisation		86.9040786561

		% GSM		Average Blocking Probability		Utilisation

		20		0.0419906687		73.71122756

		40		0.0392805779		90.7349779462

		60		0.0393682781		89.2809696348

		80		0.0413890088		80.0537303213

		100		0.0423767195		59.0363319628

		% GPRS LB		Average Blocking Probability		Utilisation		Average Bitrate

		20		0.0403408136		76.7713871413		81.4922008996

		40		0.0400223985		91.7982296975		39.8816428313

		60		0.039232425		88.6271546917		28.6478278405

		80		0.0399831545		78.9586120248		27.6312678445

		100		0.0395354811		53.0477257453		39.0503927798

		% GPRS HB		Average Blocking Probability		Utilisation		Average Bitrate

		20		0.0397834901		79.7963244435		149.3975090299

		40		0.039036946		99.7159955567		84.6590488074

		60		0.0486265611		90.7606755756		89.3894332211

		80		0.0497433343		68.1818181818		84.7083333333

		100		0		0		0

		Load		Average Blocking Probability		Utilisation		GPRS Low Bit Rate		GPRS High Bit Rate

		0.2		0.0374647879		12.9172161556

		0.4		0.0403345468		32.1912228019		85.6

		0.6		0.0413217212		54.5099345182		36.5970271473		65.27

		0.8		0.0385991883		71.9303429095		35		171.2

		1		0.038855983		99.8778086451		34.7894397601		134.116811571
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