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ABSTRACT
Global System for Mobile communication (GSM) is a widely accepted standard for digital cellular communication. It has become the mobile communication standard in more than 160 countries all over the globe. In this paper, we are interested in modeling the radio network part of a GSM system, in particular the Mobile Station (MS), using a UML-based notation. Our long-term research goal is to investigate issues related to timing and performance of the model in several operational scenarios. 

Our approach in both timing and performance analysis was introduced in former works, and was based on applying the proposed techniques on UML-based simulation models of systems’ dynamic specifications. 

In this paper we propose a high-level architecture for the simulation model of the GSM Radio Subsystem, focusing on the Mobile Station. The paper discusses the main challenges faced in modeling this type of systems, in order to reach an adequate level of abstraction catering to the research objectives. The paper also highlights the problem areas where timing and performance analyses techniques are to be applied.
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1. Introduction*
GSM or Group Spécial Mobile (now called Global System for Mobile Communication) was formed in Europe during the 80s to develop a pan-European non-proprietary mobile communication standard. The first GSM commercial system was launched in the early 90s and proved its effectiveness over time so that it has become the mobile communication standard in 169 countries all over the world [1][2].  The major strength of GSM is its international roaming capability where users are seamlessly connected while roaming around the globe.

We have built the GSM model as a case study to apply an in-house framework for validation of timing- and performance-based requirements. This choice is supported by the numerous critical aspects that it presents with regard to this kind of requirement validation, as it will be sketched in section 4.

Figure 1 shows, in a simplified view, the phases of our methodology. It is based on UML diagrams describing the software (as well as the hardware, in case of performance analysis) model of the system under development. They are intended to be “early” UML diagrams that can be produced during the requirement specification phase of the software process.  More precisely, the diagrams we use are produced in the notation of the Rose Real Time tool, which is based on UML-RT [3], and they are basically Capsule diagrams and State diagrams. 

Three principal constructs are used to explicitly describe a software architecture in an RRT Capsule diagram, these are: Capsules, Ports and Connectors (their names are self-explaining their roles). Dynamic behavior is instead modeled by using Protocols and State Machines. A Protocol specifies the desired behavior over a connector. A State Machine specifies the internal behavior of a capsule, with the communication capability. This capability is achieved by explicitly introducing statements (e.g., send and receive primitives) in state transitions, such that those transitions may have an additional remote effect by sending a message and, therefore, firing a state transition in a different State Diagram. This integrated model of capsules, connectors and State Diagrams constitutes a layered structure describing the static as well as the dynamic behavior of the system. The RRT tool is based on the simulation of the UML model in order to collect data on the dynamic behavior of the system specification.

Hence, upon the execution of the simulation, logs are collected in different ways, as specifically illustrated later, and (usually MS-Excel based) macro primitives are designed to transform those log files into either timing diagrams (for timing analysis), or performance indices curves (for performance analysis).
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Figure 1. General framework for timing and performance validation.

Figure 2 illustrates specific aspects of the timing analysis approach. This final target of the analysis is a violation table that lists all violations of timing constraint that occurred during the simulation. The figure shows how that such table can be obtained either “off-line”, by processing log files resulting from running the simulation model, or by collecting “on-line” data through an additional Observer capsule. The latter, designed as a capsule prototype aimed at collecting simulation data in different simulation models, is in charge of collecting all the simulation behavioral data sent to it by the main model (the system specification top-level capsule). Since the Observer is an external capsule, so it does not affect the correctness of the simulation model. In this approach, the on-line collection overhead is the only additional effort to be exerted. For more details about timing analysis, refer to [4].
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Figure 2. Timing analysis schema.
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Figure 3. Performance analysis schema.

Figure 3 focuses on the main aspect of the performance analysis approach, which is a “resource side” capsule (note, however, an Observer capsule is used in this approach for the same purpose that it is used for in timing analysis; that is to collect on-line simulation behavioral data). Indeed, in order to represent the software architecture and the resources that the software components require (i.e., the hardware architecture) in the same capsule diagram, the diagram is conceptually split in two sides: the “software side” and the “resource side”. Capsules are in both sides, but while the ones in the software side represent software components, the resource side capsules represent the resources that the considered architecture may need. Upon the extension of the software architecture illustrated by this scheme, a properly parameterized simulation of such scheme allows to evaluate the performance of the combined software architecture/resource system.

In order to provide abstraction of the proposed methodology from the specific application model being developed, the following issues have been coped with: (i) building a basic architecture for the resource side of the scheme; (ii) providing standard capsule stereotypes to be used in the resource side; (iii) providing standard criteria to introduce the resource requests as additional items to the software side, without modifying the software architecture. . For more details about performance analysis, refer to [5].

2. Problem Definition

The GSM Architecture

The area covered by a GSM network provider is divided into a number of cells. Each cell has a unique identity (Cell Identifier or CI), and is assigned a subset of the total radio frequencies available to the network provider. Frequencies assigned to a particular cell i can be reused in other cells that are at a minimum distance (the frequency reuse distance or D) from the cell i.  At the center of each cell, a Base Station Transceiver (BTS) provides mobile subscribers with radio channels for both signaling and user payload traffic in the cell area.

A number of BTSs are connected to a Base Station Controller (BSC), which bears the required intelligence for signal processing. The pair BTS and BSC when combined together is referred-to as the Base Station Subsystem (BSS). BSCs are connected together through a Mobile Switching Center (MSC), which performs the functions of switching, routing path search, signal routing and service feature processing. The MSC has also to consider the allocation and administration of radio resources and the mobility of the subscribers. A Public Land Mobile Network (PLMN) usually has several MSCs with each being responsible for a Mobile Switching Region. Connection to a fixed network (PSTN, ISDN or other) is routed through a Gateway MSC (GMSC), which is a dedicated MSC to route traffic through fixed networks. On the other hand, connections to other mobile or international networks are usually routed through the International Switching Center (ISC) [6].

There are four important databases that are central to the operation of a GSM network. The Home Location Register (HLR), which is the home registry for all the subscribers. The HLR holds all the permanent data of the subscribers of that “home” network and usually there is one central HLR per PLMN. The Visiting Location Register (VLR) holds subscribers data in a certain MSC Region(s). Confidential keys serving for user authentication are stored in the Authentication Center (AUC) database while the serial numbers of all “valid” mobile equipment are stored in the Equipment Identity Register (EIR).
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Figure 4.  GSM Network Structure

The basic architecture of a typical GSM network is illustrated in Figure 4. The area circled in the diagram is our research area-of-interest, and it represents the Radio Network part of the GSM system. Our special focus in this area is on the Mobile Station (MS), which represents the subscriber part of the radio network. 

Radio Communication - The Air Interface

Sharing the Air: Most GSM systems operate in the 900 MHz and 1.8 GHz frequency bands, except in North America where they operate in the 1.9 GHz band [7], with the 900 MHz band as the standard operational frequency band. 

In the standard frequency band, two frequency bands, 45 MHz apart, are reserved for GSM operation: 890-915 MHz for the uplink (transmission from the mobile station), and 935-960 MHz for the downlink (transmission from the base station). Each of these bands, which are of 25 MHz width, is further divided into 124 single carrier channel, each of them is 200 KHz wide. There remains a guard band of 200KHz in each of the uplink / downlink bands. This is a variant of Frequency Division Multiple Access FDMA, which is called Multi-Carrier (MC) [6].

Each of the 124 pairs of single carrier channels is then divided into 8 time slots using Time Division Multiple Access TDMA, and thus defining 8 TDMA frames. Each frame can contain a data burst of 156.25 bit periods, which corresponds to 15/26 ms. The TDMA frames of the uplink are transmitted with a 3-frames delay with respect to the downlink (using the same frame numbering), and thus, the Mobile Station doesn’t have to send and receive at the same time.

To overcome the problem of frequency-selective interferences (the phenomena of frequency-selective fading due to multi-path propagation), GSM may use Frequency Hopping. Frequency hopping procedure periodically changes the transmission frequencies and thus averages the frequency-selective interferences over all the frequencies assigned to one cell. This optional frequency hopping procedure changes to a different frequency with each burst (TDMA frame) resulting in a hopping rate of 217 changes per second. As for modulation, GSM uses Gaussian Minimum Shift Keying (GMSK), which is characterized by low-transmitter power spectrum and low adjacent channel interference along with a constant amplitude envelope of the modulated signal [6].

The FDMA and TDMA structure of the GSM channels is illustrated in figure 5.

[image: image5.wmf]915 

MHz

914.8 

MHz

200 

KHz

890.2 

MHz

890 

MHz

124

123

…

…

…

2

1

45 MHz

960 

MHz

959.8 

MHz

200 

KHz

935.2 

MHz

935 

MHz

124

123

…

…

…

2

1

7

6

5

4

3

2

1

0

7

6

5

4

3

2

1

0

Delay

915 

MHz

914.8 

MHz

200 

KHz

890.2 

MHz

890 

MHz

124

123

…

…

…

2

1

915 

MHz

914.8 

MHz

200 

KHz

890.2 

MHz

890 

MHz

124

123

…

…

…

2

1

45 MHz

960 

MHz

959.8 

MHz

200 

KHz

935.2 

MHz

935 

MHz

124

123

…

…

…

2

1

960 

MHz

959.8 

MHz

200 

KHz

935.2 

MHz

935 

MHz

124

123

…

…

…

2

1

7

6

5

4

3

2

1

0

7

6

5

4

3

2

1

0

Delay

7

6

5

4

3

2

1

0

7

6

5

4

3

2

1

0

Delay

 

Figure 5.  GSM FDMA/TDMA Structure

The Logical Channels: A set of logical channels is defined on top of the GSM physical layer of the ISO-OSI
 model. These logical channels are the Service Access Points (SAPs) to the physical layer, and are defined as the User-Network Interface (UNI). The UNI performs a multiplicity of functions such as signaling, synchronization, channel assignment, paging and payload transport. Logical channels are mapped onto the actual physical channels in a time-multiplexed fashion. Figure 6 shows the classification of the GSM logical channels into either Traffic Channels (TCH) or signaling channels.  Traffic channels can either be Full Rate (Bm or Mobile B channel in ISDN terminology) or Half Rate (Lm or Lower-rate Mobile channel). Signaling channels are divided into categories as illustrated in the diagram where BCH is the Broadcast Channel, DCCH is the Dedicated Control Channel, ACCH is the Associated Control Channel and CCH is the Common Control Channel. Each of these signaling channels is intended to perform specific functions and is further divided into a number of time-multiplexed channels.  Figure 7 shows a classification of signaling channels.
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Figure 6.  Classification of GSM Channels
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Figure 7.  Classification of GSM Signaling Channels

These logical channels are not simultaneously usable at the air interface; they can be used only in certain combinations. There are only seven logical channel combinations that are usable at the air interface of the mobile station.

Radio Subsystem Link Control: The mobile station needs to continuously monitor and measure the radio link parameters in all its modes of operation. That is essential because the MS has to keep track of the reachable base stations and identify a cell to camp-on. Moreover, due to the mobility of the subscriber, the MS needs to identify the time to switch to another known candidate cell when it enters its service area (initiating the handover). 

To do so, the MS keeps a list of candidate base stations and periodically measure their respective signal levels and channel quality. The signal level is measured by the Signal to Noise Ratio (SNR), while the signal quality is usually measured by the bit error ratio [6].

While camping on a cell, the MS can activate the power conservation mode, in which it continuously tunes the transmitter signal power level according to the measured channel attributes.

To further enhance the battery standby time, while idle, the MS may activate the Discontinuous Reception mode in which the receiver is turned on only to receive paging messages and is turned off otherwise.

The functions of cell selection/reselection, handover and transmitter power control are vital to achieve the required quality of service. These functions draw special attention since they are periodically performed during all the time the MS is on.

3. Proposed Architectural Model

In the following sections we introduce a high-level architectural model for the radio subsystem of a GSM network from the MS perspective. This model is based on UML-RT notation that we have discussed earlier in this paper. The main objectives of the proposed architecture is to: faithfully simulate the functionality and the behavior of the MS in the GSM radio environment, as well as, to incorporate the architectural constructs that are necessary to carry on both timing and performance analysis (as discussed in section 1). 

Modeling the External Environment

Figure 8 shows the top-level architecture of our simulation model. In this diagram we see the top-level-capsule of the MS connected to the top-level-capsule of the GSM network in addition to two other capsules that are described throughout this section.
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Figure 8. Top-level Architecture of the simulation model

 At this point in the research, the capsule representing the GSM network models only the “behavior” of the network as an operating environment to the MS. 

The User-Interface capsule represents the mobile subscriber (the user of the MS) along with all the user device interfaces such as the LCD, the keypad, and the voice receptor. Again, similar to the network capsule, the user interface capsule is a part of the operating environment. As we are focused on the MS, a varying “multiplicity” of the MS capsule may be introduced to the model, in the same architectural context, for the purpose of performance analysis.

For the purpose of modeling and simulation, the MS and the network capsules are directly connected in the architecture, as opposed to the real world where they are connected through the air interface. The communication media between the MS and The GSM network is modeled in the capsule designated as External_Resources. This capsule models the radio channels in a single cell area, i.e., if a multiplicity of the BSS is introduced (inside the GSM_Network capsule), then accordingly the External_Resources capsule will have a multiplicity of the same order. The modeling of the radio channels as “resources” follows the same general architecture for resource modeling described in [5]. We have identified different types of radio channels resources based on their functionality, method of access (broadcast, competitive random access, point to point) and direction (uplink, downlink, bi-directional). The architecture of the External_Resources capsule is illustrated in figure 9. BCH is the point-to-multi-point, downlink, broadcasting channel containing the BCCH, FCCH and SCH. There is a multiplicity n for the BCH capsule that represents the number of BCH channels needed to be always monitored by any MS in a single cell area. n can have a maximum of 124, which represents all possible GSM radio frequencies. RACH is the only radio channel that is accessed competitively in a Slotted ALOHA
 pattern; therefore, it is modeled in a separate capsule. The logic of modeling the rest of the radio channels follows directly from the problem overview in section 2.
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Figure 9.  External_Resources

Modeling The Mobile Station

The internal architecture of the MS capsule is illustrated in figure 10. The central part of this architecture is the MS_Controller capsule which has the supervising control over the functionalities of the MS. The main tasks of the MS_Controller are listed as follows:

1. It controls the operating “mode” of the MS through its top-level state machine. Several operating modes for the MS can be identified, for instance: “idle” (or at-rest), “powering-up” and “connected”. The states of the top-level state chart are, most of the time Macro states that contain lower level state charts incorporating sub-modes of operation. For instance, while the MS is at-rest, it can either be in the continuous or discontinuous reception modes.

2. It controls the execution patterns and the concurrency of the functional components that will be discussed later throughout this section.

3. It receives and interprets the messages (or commands) from both sides of the user and the network through the User_Manager and the Network_Manager capsules that will be both discussed later throughout this section.

4. For the sake of carrying out performance analysis, the MS_Controller is responsible for generating the command request vectors for the Internal_Resources, whose description will follow later in this section. 

The function of the User_Manager capsule is to handle the user interface. If a command generated from the user side is beyond its scope (for example: changing the system settings), it passes this command to the MS_Controller.  The User_Manager is also responsible for generating resource request vectors for the operations performed within its scope.

The Network_Manager capsule is responsible for two basic functions:

1. It manages the radio channel resources via the External_Resources capsule and keeps track of the permissible channel combinations. 

2. It interprets message (or commands) from the GSM_Network side and passes them to MS_Controller, only if an appropriate radio channel was assigned.

The Network_Manager is also responsible for generating and managing resource request vectors (if any) for operations performed within its scope. It is worth mentioning that the introduction of the Network_Manager capsule is considered a modeling option since the channel combinations and mapping can be handled in the Functional_Components. However, we guess that the Network_Manager capsule is necessary for correct modeling, simulation and analysis of the MS within the proposed framework.
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Figure 10.  Internal architecture of MS

The Internal_Resources capsule is intended to model the internal resource behavior within the MS for the purpose of performance analysis. Examples of these resources are the processing unit, the battery as well as other candidate resources within the MS. The architecture of this capsule follows the same general architecture proposed in [5] for resource modeling. Priorities can be assigned to resource requests originating from different capsules. For example, timely constrained MS_Controller resource requests are highly prioritized than requests originating from the User_Manager.

The Functional_Components capsule is the one that incorporates the core functionalities of the MS through the architecture shown in figure 11. Each components Fn is a S/W component residing in the MS and responsible for a basic part of the core functionality. Components can be concurrently executing only in certain combinations determined by the MS_Controller. As shown in figure 11, a dispatcher routes the messages (or commands) from the MS_Controller to the designated component. These components have access to the MS hardware interfaces to control the operation of hardware components. The HWI dispatcher routes messages from different functional components to the HW_Interfaces.
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Figure 11. Architecture of Functional_Components

The HW_Interfaces capsule, as shown in figure 12, represents the interfaces to the different hardware components in the MS. Examples of these H/W interfaces are: the SIM card, the modulator / demodulator, the coder / decoder, the transmitter / receiver and the clock oscillator.
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Figure 12. Architecture of HW_Interfaces

4. Timing & Performance issues of Interest

As we have seen throughout the previous sections, the case study is rich in timing and performance details. In order for the radio communication to function properly, the MS should be in “exact” frequency and time synchrony with the BSS. That doesn’t mean only to synchronize the transceivers and the clock of the MS according to the BSS, but it also implies keeping an exact track of the changing propagation delay, due to the mobility of the subscriber, and accordingly adjust the timing operations. Failure to adhere to the former constraints will result in a faulty operation. 

Besides, the fine-tuning, of both the handover-control and the transmitter power control, is vital to improve the quality of service as well as the battery operating time. If the former-mentioned functions are not handled adequately, and within the required timing constraints, the quality of service may diminish.

Furthermore, the choice of operational modes as well as patterns of execution of functional S/W components both have an upper hand in affecting the performance of the MS unit. 

5. Conclusion & Future Work

In this paper we introduced a UML-RT top-level architecture that models the MS in the GSM radio network environment. The main purpose of this model is to simulate the functionality and the behavior of a GSM Mobile Station and its operating environment, in order to later perform timing and performance analysis.

The proposed analysis framework was formerly successfully applied on two case studies and yielded interesting results: The Cardiac Pacemaker [4], and the Automatic Teller Machine [5]. The fine level of details in timing and performance issues in the GSM case study is a rich material that will fully exploit our framework potential. We are anticipating fruitful results that will help to fine-tune our research methodologies to accommodate for more complex systems. An excellent representation of complex systems is a recent research project that we are currently working on with NASA. This project is still in its preliminary phases and it constitutes a research path that involves the application of the timing and performance analysis framework. This project is expected to be a more challenging case study for our research framework after proving the methodologies used through the GSM case study. 
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� The Open System Interconnection (OSI) model is developed by the International Standards Organization (OSI). For further details, refer to sec. 1.4 in [8].


� ALOHA and Slotted ALOHA are multiple access protocols. For further details, please refer to sec 3.2 in [8].





