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___________________________________________________________ 

Current mobile phones are considered as multipurpose and powerful handheld devices 

suitable for many activities. This thesis is analyzing the oldest, and still the most 

important, functionality of a mobile phone; telephony communication. The specific 

topic is how the traditional and rather stable peripheral, like a cellular modem 

processor, is integrated to the latest open source application environments. In these 

environments legacy functionality meets the open source as a newcomer, and it may 

create some interesting solutions for an open source community, business partners 

and the industry overall. Traditionally the mobile phone, and especially the modem 

development, has been a closed source and proprietary design; it can be assumed that 

open source environments are enforcing different business scenarios even for a 

traditionally closed sourced modem development and co-operation. This thesis 

includes two white papers to propose a more efficient software architecture for the 

modem integration that could be standardized with and complement an open source 

implementation. The conclusion of this thesis contains some of the questions found 

during standardization discussions; what kinds of problems and challenges there are 

when initiating a standardization for some technology area. 

___________________________________________________________ 
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TERMS AND ABBREVIATIONS 

 

API Application Programming Interface is a software interface 

that can be used by clients to access some functionality 

provided by a service. Application Programming Interface 

is typically specific for application environments and 

operating systems.  

Application Engine Software and hardware responsible for running applications 

and providing an environment for other peripherals to join. 

DIP Device Interconnect Protocol, part of NoTA architecture 

Hardware/ Physical 

interconnect 

Physical connection between two hardware peripherals, 

e.g., USB connection, MIPI standardised connections, 

shared memory, or some proprietary nonstandardised 

connection. 

H_IF High Interconnect Interface 

H_IN High Interconnect 

Interface See definition of API. Interface is more abstract compared 

to API. Interface can exists between two independent 

peripherals, and it may contain a definition of hardware 

interconnection. In a context of this thesis, interface is used 

to refer to cross-peripheral software interfaces, whilst the 

API is used to describe internal interfaces within the 

application environment. 

L_IN Low Interconnect 

Modem Peripheral that handles communication between the device 

and base stations. Typically, it is a separate and 

independent hardware chip that is connected to an 

application processor by some hardware interconnection. 

NoTA Network On Terminal Architecture 

Peripheral  An independent hardware and software component that is 

connected to a host through some hardware interconnection 

and software interface. Typically the peripheral requires a 
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device driver that communicates with hardware by using a 

manufacturer specific software interface. 

Subsystem A collection of software components that create a logical 

and functional entity. For example, a UICC subsystem may 

contain UICC software interfaces, UICC services, and a 

UICC hardware driver. 

Telephony Integration 

API 

API that is typically part of middleware layer and abstracts 

the underneath modem software and hardware interfaces, 

e.g., Android Radio Interface Layer (Android Developers - 

Telephony), MeeGo oFono (Intel, Nokia) and Symbian 

CTSY Dispatcher. 

Telephony Middleware Middleware components that are not specific to a certain 

modem, but is a common software asset and part of 

platform delivery, e.g. Android Java Telephony Manager, 

MeeGo oFono and Symbian Etel. 

Telephony Middleware 

API 

API provided by Telephony Middleware and used by 

application layer clients, e.g. Android Telephony Manager 

API, MeeGo oFono API and Symbian Etel API 

UICC, SIM Universal Integrated Circuit Card; an evolution of the SIM 

card, it can contain more identification services (e.g., for 

NFC or multimedia services) than traditional SIM for 

wireless networks. 
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1 INTRODUCTION 

This master thesis is focusing on software integration of cellular functionality on open 

source mobile phone platforms. Cellular functionality consists of application engine 

applications, middleware, middleware APIs, hardware abstraction layers and a 

cellular stack on a modem processor. Those are the most critical layers regarding this 

analysis. Android, MeeGo and Symbian have been selected as reference platforms. 

All these platforms use an open sourced middleware or interfaces, making it possible 

to make high level comparisons between their architectures. However, there are some 

differences about how much details can be included from each platform; this is due to 

the public documentation available and to the source codes. Most of the platforms 

have published enough information to give an overview of telephony integration, and 

to see some differences in implementation and software architecture.  This analysis is 

focusing only on high-level software architecture. 

 

Due to the nature of modem integration, this documentation has its focus on the 

modem supplier‟s and product integrator‟s viewpoints, and does not provide any end 

user related analysis. The end user analysis should be focusing more on the 

application and user interface layers. After all, modem software architecture and 

hardware are always hidden from the end user. Modem functionality is visible only as 

some line on a device technical specification, like a list of supported radio access 

technologies. 

 

More than the modem features itself, it is more important to understand the changes 

that are evolving through the mobile device industry. Mobile devices are shifting from 

closed source platforms to more open environments, thus introducing new software 

and hardware combinations for modem integration. 

 

The hypothesis for this study is that all modem integration architectures are similar at 

a principal level, but due to differences in software architectures, APIs and 

implementations, these cannot be easily reused across different platforms. For 

example, using Symbian CTSY Dispatcher adaptation in MeeGo or Android is either 
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extremely difficult or not possible at all. However, as the principal is the same, there 

are some solutions, which can be applied to achieve a more reusable codebase and 

architecture. This would gain significant industry-wide benefits for cross-platform 

modem development, integration and business opportunities.  

 

Modem features are mostly based on the 3GPP standardization for the cellular 

connectivity. Typically, other more system-integration-level services are forgotten. 

This thesis, and especially the attached white papers, give a brief understanding of 

modem integration outside the cellular protocol services.  

 

MeeGo, Symbian and Android have some fundamental, non-technical differences that 

have some impact on how modem integration can be done. These differences define 

how the platforms split their software asset between open source and proprietary 

components, and what kind of philosophy they have as a business model. Therefore 

this document contains an introduction to different licensing models and introduction 

to each platform‟s telephony integration layers for overview and comparison 

purposes.  
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2 OPEN SOURCE MOBILE PLATFORMS 

Open source mobile platforms follow similar software architecture solutions for 

modem integration. There are some differences how software asset is divided between 

the closed and open source software. 

2.1 Short history of open source mobile platforms 

There have been open source mobile platforms before Android was launched. „Limo‟, 

„Moblin‟, and „Openmoko‟ have existed for some years without gaining any 

significant market share in the mobile OS market. These platforms did not cause very 

much distraction for proprietary mobile platforms. The discussion related to open 

source mobile phones was really started after the Open Handset Alliance was formed, 

introducing the Android platform in 2007. Android is supported by Google Inc. and it 

was therefore gaining significantly more publicity than any previous open source 

platforms. Since the Android launch, Nokia has introduced two open source mobile 

phone platforms; Symbian Foundation and MeeGo (formerly known as Maemo). 

Maemo is famous from Nokia Internet Tablets, but mobile phone functionality was 

not published until 2009, when Nokia N900 mobile device was launched. Nokia and 

Intel announced 15 February 2010 that Maemo and Moblin will be combined as one 

platform – MeeGo (1).  

 

All of these three platforms have fundamentally same basic architecture as shown in 

figure 1 and figure 2. They all can contain multiple engines, and from this document‟s 

perspective, the most important ones are the application and modem engines. The 

application engine contains naturally all the application layer responsibilities, such as 

call handling and messaging user interfaces. The application layer is using services 

from a middleware, like Telephony middleware, which is responsible for abstracting 

Modem HW driver from the application layer. The abstraction is done by the 

middleware by using the integration APIs, thereby providing consistent and easy-to-

use modem services regardless of the modem hardware below. 
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FIGURE 1. Application Engine controls modem processor through some 

hardware interconnection. Modem handles all signaling and low-level 

messaging from/to network.  

 

 

FIGURE 2. Overview of a smart phone telephony architecture where modem 

supplier responsibility is on components below telephony integration API 
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The application engine and the modem are connected by some hardware 

interconnection, which can be practically anything that has enough performance for 

high data rate packet connections. In figure 2, it is assumed that both the modem 

control and the modem audio are transferred through the same physical HW bus, and 

therefore, in that diagram context, Modem HW Driver is used to refer to both the 

modem control driver and the modem audio driver.  

 

The modem contains its own operating system, which does not have any 

dependencies to the operating system used in the application engine. The only 

software related dependency, between those two environments, is the modem 

software interface that must be used by the modem driver in the application engine. 

The modem software interfaces are described in more detail in chapter 3.  

2.2 Software licenses 

An open source software has always some licensing model associated with it. A 

license may, or may not, allow a proprietary derivative implementation based on the 

open source code. Therefore, the license used has a big impact on possible business 

scenarios for open source components. An open source component can affect 

surrounding components as well. For example, it is allowed to dynamically link and 

use an LGPL licensed component, without making one‟s own components open 

sourced. This is not possible if the purpose is to link and use functionality from GPL 

licensed component.  

 

Android, Symbian and MeeGo have chosen different licensing models. This section 

shortly describes the fundamentals of the licensing model for each platform, and how 

it affects the cellular adaptation and its business scenarios. 

2.2.1 Apache Software License (ASL) 

Android, as an application environment, uses the ASL license. The Linux kernel of 

Android is licensed under GPL, but due to the virtual machine and Java runtimes, it 

was possible to choose a different license model for the applications and the 

middleware. 
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ASL is a business friendly license allowing the manufacturer and developers to decide 

whether they want to publish their own modifications or not. This efficiently allows 

the proprietary software to be implemented for Android without any need to give 

away own inventions or competitive advantages.(2.)  

 

This applies even to the core Android functionality implemented by Google Inc; there 

are some internal classes especially in the telephony service area, which are kept as a 

closed source software and without public APIs. 

2.2.2 GNU Generic Public License (GPL) 

MeeGo is fully based on Linux and therefore the chosen license has a much wider 

impact than, for example, in Android where the virtual machine allows different 

licensing for the hardware abstraction and the application environment.  

 

The use of GPL version 2.0 licenses allows MeeGo to use numerous existing open 

source projects as the core of the application environment. The advantage of this is 

that a smaller effort is needed to build up an application environment, but the obvious 

drawback is the requirement to publish all derivative work under the same GPL 

license as the rest of the system. GPL license does not allow any derivative work to be 

a closed source. Even a function call to a GPL licensed code is handled as a derivate 

work, and therefore it is not possible to use functions from the GPL code without 

licensing one‟s own component under the same license. This applies only to function 

calls, and therefore the GPL code can be used if the usage is going through some 

messaging and hardware bus. Therefore the GPL licensing requirements does not 

apply to a modem software stack. (3.) 

 

Due to the ideology of the Linux environment, MeeGo has its telephony stack 

implemented under the GPL version 2. This makes MeeGo a more open platform than 

its competitors, and it ensures that all the work related to the MeeGo telephony stack 

is, and will always be, an open source. 

 

There is one problem with the GPL licensing; this license model is not very business 

friendly if a manufacturer does not like to publish their proprietary implementation as 
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open source. The modem, like any other low-level hardware component, may and will 

have some manufacturer specific innovations, and therefore GPL is suitable only for 

those modems that are very generic and provide the functionality as published by 

3GPP. This may decrease the interest to participate into MeeGo telephony 

development if a company has some inventions or other proprietary advantages that 

must be kept secret. At the worst case, this causes unnecessary and inefficient 

software layering to be done only to avoid the GPL licensing requirements, and 

therefore it makes the telephony stack even more complicated as it already is. 

 

2.2.3 Eclipse Public License (EPL) 

Symbian Foundation uses the Eclipse Public License. This license allows 

manufacturers to develop proprietary software if the software only links to an EPL 

licensed code. It is not possible to modify the EPL licensed source code without 

making the changes public.(4.) 

 

The EPL license fits quite well to a layered software architecture where there is no 

need to make changes to an upper layer when implementing lower, for example 

hardware abstraction layers. Well-defined integration APIs support this licensing 

model by encouraging the collaboration and contribution if API or upper layer 

software changes are needed. For example, if some modem supplier finds out an 

improvement in the API which is licensed under EPL, then they must contribute their 

changes to the API, but they can still keep their own adaptation layer implementation 

as a closed source. This kind of co-operation model fits perfectly with the EPL 

license; EPL supports a proprietary code, but at the same time it makes sure that all 

the common improvements are contributed to a platform itself. 

2.3 Android 

Android is the most well-known open source mobile platform, although it does not 

provide a full open source access to middleware and application level. Android‟s open 

source is limited to the Linux implementation, and most of the Dalvik Virtual 

Machine is kept as a closed source. 
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2.3.1 Introduction 

As stated earlier, Android was born when the Open Handset Alliance was formed in 

2007. The key company behind Android is Google Inc, but there are many more 

telephony industry and operator companies involved.  

 

“The first truly open and comprehensive platform for mobile devices. Google Inc., T-Mobile, 

HTC, Qualcomm, Motorola and others have collaborated on the development of Android 

through the Open Handset Alliance, a multinational alliance of technology and mobile 

industry leaders.”(5.) 

 

In this press release Open Handset Alliance describes Android as a truly open mobile 

device platform. Android provides the reference implementation for the compatible 

AT-based modems of Hayes. Therefore, Android can be used as a mobile phone 

platform out-of-the-box without a major investment to re-implementing the telephony 

abstraction or the modem hardware driver layers. Of course, this is valid only when 

using the same or a very similar hardware as in the reference platform. In practice, 

there is always a need to make an adaptation software for the chosen hardware. 

Android is designed to be as portable as possible by using the already well-supported, 

and easily portable, Linux kernel. 

 

On the other hand, Android also allows manufacturers to implement the proprietary 

telephony abstraction, and therefore Android is not as open as MeeGo. The Android 

licensing model is more flexible for modem suppliers, but on the other hand it does 

not allow flexibility on the application environment, which is controlled by Google. 

 

2.3.2 Software architecture 

From the modem integration‟s point of view, the most important component in the 

Android software asset is the “Radio Interface Layer” aka Radio Daemon (RILD) 

component within Linux OS. RILD is a Linux user space component and can be 

implemented as a proprietary component. RILD communicates with the modem 

hardware through the Linux kernel modem hardware driver. In the Android reference 
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platform, the modem hardware bus is a shared memory, but in practice it can be 

anything else as well.  

 

The application environment (Dalvik Virtual Machine in figure 3) telephony manager 

is connected to the Radio Interface Layer by using a socket connection. This socket 

connection is reserved only for this communication and it cannot be redirected or 

expanded for any other clients. RIL Daemon is a generic code and provides a 

communication channel between the Telephony manager and supplier specific RIL 

implementation. RIL Daemon is a very thin component and acts as a connector 

between these two components. All of the telephony specific modem abstraction 

functionality is located in the supplier‟s RIL component.  

 

A header file named ril.h defines numerous errorcodes, callstate values, radio states 

and datastructures for voice call, data call, SIM card access etc. This file is 

approximately 3500 lines long and contains all possible modem specific functions, 

states and datatypes.  

 

As shown in figure 4, Telephony manager uses the Radio Interface Layer underneath, 

and supplier RIL, as specified in ril.h file. Therefore there is a logical dependency 

between the class android.telephony and supplier RIL through the ril.h header file.  
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FIGURE 3. Over view of Android telephony architecture 

Supplier RIL can use any hardware interconnection and software interface to make a 

modem connection. This is supplier specific and depends on the modem hardware and 

software stacks.  

 

 

FIGURE 4. Basic communication flow from Telephony manager to supplier 

RIL through RIL Daemon 
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2.4 MeeGo 

MeeGo has its origins in Nokia‟s Maemo and Intel Moblin platforms. Maemo has 

been used in Nokia Internet tablets N770 and N810. Those devices have been 

implemented only for web browsing, and there has not been a cellular functionality 

until the announcement of N900. 

2.4.1 Introduction 

N900 introduced a new improved Maemo 5 version, including a telephony stack and 

an integrated cellular modem peripheral. Unfortunately N900 cannot be used as a 

reference platform for this study due to its closed source telephony stack.  

 

MeeGo includes a new oFono telephony stack replacing Maemo and Moblin 

telephony stacks with an open source alternative. This document uses oFono as it 

provides enough information for a high level comparison with the other platforms. 

There is very little documentation about oFono, but the source code is provided 

including, even other than the AT command, a modem implementation.(6.)  

 

oFono is licensed under GPLv2, and it includes a high-level D-Bus API for use by telephony 

applications of any license. oFono also includes a low-level plug-in API for integrating with 

Open Source as well as third party telephony stacks, cellular modems and storage back-ends. 

The plug-in API functionality is modeled on public standards, in particular 3GPP TS 27.007 

“AT command set for User Equipment (UE).”(7.)  

 

As written in the announcement above, oFono focuses on the AT command based 

modem software interface. This should make it easier to compare the oFono 

architecture with the similar functionality of Android. 

2.4.2 Software architecture 

Referring to figure 5, oFono follows the same principles as the other platforms. oFono 

provides an abstraction for the underneath modem implementation and provides APIs 

for the middleware and applications. The most visible difference, compared to 

Android, is a fully utilized Linux environment without any virtual machines. 

Therefore, oFono can easily be run in the desktop Linux environment as well.  
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The oFono modem plug-in equals the Android Supplier RIL implementation where all 

the modem supplier specific logic is implemented. This abstracts different modem 

implementations from the oFono middleware. oFono itself, like the Android 

telephony manager, has to focus only on a common middleware telephony 

functionality and APIs for the applications. 

 

As shown in figure 6, oFono provides the oFono API as a D-Bus API. D-Bus is an 

inter-process messaging protocol that can be used between applications and processes 

to communicate with each other. More information about D-Bus can be found on the 

webpage freedesktop.org. (8.) 

 

oFono itself uses the Modem Plugin API to communicate with the different modem 

plug-ins. The Modem Plug-in API is divided into headers based on the features. There 

exist separate headers for sms, call, networking etc., and not only a single combined 

header as in Android. 

 

 

FIGURE 5. MeeGo telephony architecture overview 
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Otherwise, the modem plug-in responsibility is aligned with Android, as the plug-in 

has to make a needed conversion from the Modem plug-in API to a modem specific 

message format, and to maintain and handle the actual communication with the 

modem. 

 

 

FIGURE 6. oFono APIs and a supplier implementation 
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2.5 Symbian 

Symbian has a very long history as a mobile device operating system. Symbian is the 

oldest platform of all of these three, and provides all the features required from a 

modern smart phone from the end user‟s and network operator‟s perspective. 

2.5.1 Introduction 

There is no need to go through the Symbian history considering the scope of this 

document, because there is a comprehensive history described on the Symbian 

Foundation webpage. The most relevant event for this documentation happened when 

Nokia acquired Symbian Ltd in 2008 and formed an open source Symbian Foundation 

(9), therefore allowing a more public exposure of the telephony stacks, including 

SHAI layers. 

 

During the writing phase of this thesis, Nokia announced further that the licensing 

model of the Symbian Foundation will be changed, and the operational model is 

moving towards a more closed licensing model. This can be interpreted as a failure to 

introduce Symbian as an open source platform, and as a shift to focus the Symbian 

development as an internal source code asset. (10.) 

2.5.2 Software architecture 

As described in figure 7, Symbian has a slightly different architecture on the 

application and middleware compared to Android or MeeGo; Symbian separates the 

SMS stack from the main telephony functionality. The telephony server contains 

functionality for call and network handling, GSM and WCDMA specifics, packet data 

connections and SIM control and SIM application toolkit.  
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FIGURE 7. Symbian platform telephony architecture overview 

 

As shown in figure 8, there are two options how to integrate a modem functionality 

underneath the Telephony server (Etel). A legacy solution is to implement the 

telephony subsystem (Licensee TSY) as a TSY Plugin API component. Due to the 

architecture simplification and for easier integration, Symbian Foundation has 

introduced a new layering by creating a Dispatcher component and a simpler 

Dispatcher API to be used as the integration API. CTSY Dispatcher is a new solution 

provided by Symbian Foundation and therefore the only valid option for any new 

modem adaptation where no legacy implementation exits. The Dispatcher takes care 

of the IPC communication with the Common TSY and provides much simpler APIs 

for the modem integration. (11.)  
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FIGURE 8. Symbian telephony stack components and a supplier 

implementation 
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3 MODEM SERVICES INTERFACE 

Modem software interfaces are very specific to a modem supplier and operating 

system that is used within a modem. The most famous software interface is the AT 

command based communication, but there are numerous different supplier proprietary 

specifications as well. No public documentation exists about any other than the AT 

command based interface, and therefore this document uses AT commands to 

describe some parts of the modem interface. 

 

There are no specific requirements about the modem software interface. Typically, a 

modem software interface contains only simple control messages, and therefore there 

are no strict performance or bandwidth requirements. Most requirements, or 

preferences, come from the modem use cases, which may require communication 

schemas described in figure 9, figure 10 and figure 11. 

 

 

FIGURE 9. Telephony stack receives one response to a request 

The scenario in FIGURE 9 completes an action in a single response. This can be 

applied only to such use cases that are completed almost instantly and they can not 

have any other state changes afterwards. 

 

 

FIGURE 10. Telephony stack receives multiple responses to a single request 

Telephony stack Modem 

request 

response 

Telephony 
stack 

Modem 
request 

response 

response 

response 



26  

 

A call creation use case may follow the sequence described in figure 10. A telephony 

stack requests the call creation and gets responses about the connection being 

established, successful connection and disconnection.  

 

 

FIGURE 11. Modem notifies telephony stack about some modem originated 

event 

A notification always originates from a modem. This is typical when receiving an 

SMS or an incoming call. Typically, the notification requires some further 

communication from the telephony stack to complete the use case. For example, the 

notification of the incoming call requires that the telephony stack request either a call 

answer or a rejection. 

3.1 AT command interface 

The AT command interface has been a standard way to control modems as PC 

peripherals. Hayes published the first AT command sets for their modem in the late 

1970‟s, and the standardized AT command set has evolved since. Now the AT 

command set consists of tens of different commands and parameters. 

 

The AT commands have been a standard way to access modem features, and therefore 

it is the reference communication interface for example in Android and other mobile 

phone platforms. Ever since the first versions of the Hayes AT command set, there 

have been manufacturer specific additions to the AT commands. Therefore the AT 

command implementation and support is somewhat fragmented across the industry. In 

addition to the missing standardized AT commands, there can be some customized 

commands for special hardware or software features. 

 

Telephony 
stack 

Modem 

notification 
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The AT commands are technically old-fashioned as a modern device internal 

communication framework. They have their origins as a more high-level 

communication protocol, and therefore they are lacking support for the more in-depth 

communication protocol requirements, such as in-built service discovery, 

multiplexing, security, broadcasting and non-blocking, asynchronous communication 

for more advanced and optimized communication between an application processor 

and a modem.  

 

Traditionally, the AT commands and data are transferred through the same 

communication channel, and therefore there are specific commands to switch between 

the data and the control mode. On modern AT command based devices there are 

virtual channels, which help the AT command multiplexing on parallel channels, but 

it still has its limitations due to the legacy design. 

3.1.1 Interface implementation 

AT commands are standard text strings containing prefix, command and parameters. 

AT commands behave as a synchronous messaging interface, and typically there is 

one AT interpreter in a device that will handle communication further. AT commands 

require virtual channel multiplexing, on both application and modem side, if there is a 

need to have asynchronous-like messaging functionality, where multiple clients can 

send and receive AT commands without being interrupted by the other clients.  

 

ATCMD1 CMD2=12; +CMD1; +CMD2=,,15; +CMD2?; +CMD2=?<CR>

command line prefix

basic command
(no + prefix)

subparameter

extended command
(prefixed with +)

extended commands are
delimited with semicolon

subparameters
may be omitted

command line
termination character

read command for checking
current subparameter values

test command for checking
possible subparameter values  

FIGURE 12. Basic structure of a command line (12) 

Figure 12 is quoted from the 3GPP specification AT COMMAND SET FOR USER 

EQUIPMENT, and it demonstrates how an AT command string is constructed. Typically 
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AT commands are not as complicated as in this example. For example, a dial 

command to a number 12345678 can be expressed as simple as ATDT12345678 (12). 

 

However, due to its textual format, AT commands can become very complex to parse 

if multiple commands and parameters are included in a single command. Even more 

challenging is the handling of the return codes. Usually, AT commands have specified 

certain, numerical, response strings, but in most of the cases the response is plain OK 

or ERROR. This implementation is feasible for traditional point-to-point 

communication as in a PC-to-modem connection, where the client and server can 

communicate synchronously and maintain each other‟s states. The communication 

becomes more complicated when a multi-client and multi-server communication is 

needed by using an asynchronous communication schema.  

 

3.1.2 Standardization 

In addition of the original Hayes AT command set, there are additional AT 

commands, defined by the ETSI and ITU-T organizations. It must be noted that a 

standardized AT command set is only a part of the truth, as there are manufacturer 

specific proprietary commands as well. Proprietary AT commands are not 

standardized and therefore it causes fragmentation between and inside the platforms 

even if the modem integration is „AT compatible‟. There must be a specific telephony 

stack for each modem supplier even if they all support the same standardized 3GPP 

AT command set.  

 

More importantly 3GPP 27.007 AT COMMAND SET FOR USER EQUIPMENT contains 

commands that are not related to a modem only. There are some commands, for 

example, to control battery status, keypad and lights, which are not related to a 

modem at all. Therefore that specification cannot be used solely as a modem interface 

specification, but instead as a specification for a whole terminal from the PC 

software‟s point of view. 
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AT commands should be reallocated in the way that they form an external interface 

towards PC applications, and the application – modem interface is specified by using 

some more feasible and efficient technology. 

 

3.2 Nokia Wireless Modem API 

Nokia Wireless Modem API has been published as an alternative modem software 

interface. This interface contains at least the same functionality as the AT command 

interface, but the messaging format and the communication protocol are different 

from the AT multiplexing. This interface is not included in this analysis, but more 

information can be obtained from the address www.wirelessmodemapi.com (13). 
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4 MODEM SERVICES 

The modem peripheral provides telephony services, but it requires some system level 

services to make a successful modem integration to an application environment. 

These system integration services are valid for any peripheral, like Bluetooth or 

WLAN, and not only for a modem peripheral. 

4.1 Introduction to modem services 

The most obvious part of modem services is all functions related to 3GPP standards 

and cellular communication. A short messaging service is used as an example to 

demonstrate some of the differences between these platforms. The 3GPP functionality 

contains hundreds of pages of the 3GPP standardization organization, and therefore it 

is not possible to be fully included in this thesis. Those services can be roughly 

divided into the feature groups shown in table 1 below: 

 

TABLE 1. High level grouping of 3GPP features 

Feature Description 
AT interpreter AT interpreter services to comply with 

3GPP requirements for AT command 
handling. 

Assisted GPS 3GPP functionality of AGPS services.  
Call handling Call control and handling.  

(e.g. ATD, ATA, ATH, ATS0) 
Data transfer Packet data services 

(e.g. AT+CGDCONT, AT+CGDATA) 
Network handling Network services  

(e.g. AT+CREG, AT+COPS, AT+CLIP) 
SMS handling SMS control, sending receiving 

(e.g. AT+CSMS, AT+CMGS,  
AT+CNMI) 

Supplementary services Supplementary services e.g. for handling 
network owned configuration data. 

UICC control UICC control, UICC phonebook, (e.g. 
AT+CPIN, AT+CPBx) 

 

It is not possible to go through all of those feature groups and therefore only SMS 

handling and specifically basic SMS sending is used as an example of the message 

sequences for each platform. This should demonstrate the communication flow and 

the related software components at a sufficient level. The AT command interface for 

SMS service is defined in the 3GPP 27.005 specification (14). 
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4.1.1 SMS Protocol 

The basic SMS functionality, from the mobile equipment‟s and a network‟s points of 

view, uses two key message types; SMS-SUBMIT and SMS-DELIVER (15). 

 

SMS-SUBMIT is used when the message is sent from the device to a short message 

service centre (SMSC). This is the so called SMS MO (mobile originated) messaging 

and sent every time a user is sending an SMS. In case of concatenated messages, one 

long message may require sending of several SMS-SUBMIT messages. Depending on 

the selected character set, it may require even more, because Unicode characters 

require at least twice the space compared to GSM7bit characters. 

 

SMS-DELIVER is used when the message is forwarded from SMSC to a receiving 

phone. This is SMS MT (mobile terminated) messaging and visible on the phone UI 

when a device indicates about the new received SMS message. Concatenated 

messages appear as one single message, even if it is received as a multiple SMS-

DELIVER message. 

 

As shown in figure 13, in addition to those two messages there is a third message 

type; SMS-STATUS-REPORT. This is sent from SMSC to an originating phone, 

when SMS-SUBMIT contained a request for a status report. These messages are 

typically visible as delivery reports on a phone UI containing a timestamp and 

receiver address information. Requesting SMS-STATUS-REPORT is typically a user 

changeable setting on the originating phone UI. 
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FIGURE 13. Overview of message flow between a mobile phone and an SMSC 

All of this communication between a device and an SMSC is handled by a modem, 

and a modem is responsible for providing a software interface that can be used by an 

application environment modem adaptation layer, and further by a telephony stack. 

Typically, application environment interfaces have a higher abstraction and therefore 

most of the 3GPP functionality and modem interfacing details are hidden inside a 

telephony middleware or lower layers. 

 

4.1.2 Android 

Android ril.h defines the SMS message sending as described below. This specifies the 

communication content between the telephony manager and a supplier RIL as shown 

in figure 4 on page 18.  

 

* RIL_REQUEST_SEND_SMS 

* 

* Send an SMS message 

* 

* "data" is const char ** 

* ((const char **)data)[0] is SMSC address in GSM BCD format prefixed 

* by a length byte (as expected by TS 27.005) or NULL for default SMSC 

* ((const char **)data)[1] is SMS in PDU format as an ASCII hex string 

* less the SMSC address 
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* TP-Layer-Length is be "strlen(((const char **)data)[1])/2" 

* 

* "response" is a const RIL_SMS_Response * 

* 

* Based on the return error, caller decides to resend if sending sms 

* fails. SMS_SEND_FAIL_RETRY means retry (i.e. error cause is 332) 

* and GENERIC_FAILURE means no retry (i.e. error cause is 500) 

* 

* Valid errors: 

*  SUCCESS 

*  RADIO_NOT_AVAILABLE 

*  SMS_SEND_FAIL_RETRY 

*  FDN_CHECK_FAILURE 

*  GENERIC_FAILURE 

* 

 * FIXME how do we specify TP-Message-Reference if we need to resend? 

 */ 

#define RIL_REQUEST_SEND_SMS 25 

(16.) 

 

The SMS application in Android uses Java Telephony Manager API to access SMS 

functionality. Telephony Manager contains SMS Manager class, which handles all 

SMS specific functions. In this case, SMS Manager forwards the function call through 

the socket to the Radio Interface Layer and a supplier RIL. The middleware function 

for sending an SMS in Android begins in the following way:  

 

public void sendTextMessage( String destinationAddress, String scAddress, String text, 

PendingIntent sentIntent, PendingIntent deliveryIntent) (17) 

 

A supplier RIL implements SMS sending, and in Android reference implementation 

this is handled as an AT command-based communication towards the modem. It must 

be noted that Supplier RIL is responsible for both, the AT command conversion and 

message routing, including connection creation, deletion and multiplexing.  
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4.1.3 MeeGo 

In MeeGo, a modem chipset vendor has to implement oFono SMS submit function as 

described below. This function is used by oFono when calling a supplier specific 

modem plug-in. 

 

void (*submit)(struct ofono_sms *sms, unsigned char *pdu, 

int pdu_len, int tpdu_len, int mms, ofono_sms_submit_cb_t cb, void *data); 

 

struct ofono_sms { 

         int flags; 

         DBusMessage *pending; 

         struct ofono_phone_number sca; 

         struct sms_assembly *assembly; 

         unsigned int next_msg_id; 

         guint ref; 

         GQueue *txq; 

         time_t last_mms; 

         gint tx_source; 

         struct ofono_message_waiting *mw; 

         unsigned int mw_watch; 

         struct ofono_sim *sim; 

         GKeyFile *settings; 

         char *imsi; 

         const struct ofono_sms_driver *driver; 

         void *driver_data; 

         struct ofono_atom *atom; 

 }; 

(18.) 

 

ofono_sms structure contains much more detailed information compared to the 

Android SMS sending function and structure. oFono links SIM to a SMS sending 

request and this probably has at least two reasons. One reason is that the reading of 

the SMSC address is handled by using SIM instead of passing the SMSC address as a 

parameter. Another functionality may be related to storing of a message reference 
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(TP-MR) value to a SIM elementary file. This functionality is something that seems 

to be missing in the Android interface. 

 

4.1.4 Symbian 

Symbian CTSY Dispatcher defines the supplier interface in 

mltsydispatchsmsinterface.h header file (19) in the following way: 

 

class MLtsyDispatchSmsSendSmsMessage : public MLtsyDispatchInterface 

 { 

 public: 

 static const TInt KLtsyDispatchSmsSendSmsMessageApiId = KDispatchSmsFuncUnitId + 

7; 

 /** 

  * The CTSY Dispatcher shall invoke this function on receiving the 

EMobileSmsMessagingSendMessage 

  * request from the CTSY. 

  *  

  * It is a request call that is completed by invoking 

  * CCtsyDispatcherCallback::CallbackSmsSendSmsMessageComp() 

  *  

  * Implementation of this interface should allow a client to send a SMS message  

  *  

  * @param aDestination The mobile telephone number. 

  * @param aSmsTpdu The SMS TPDU. 

  * @param aDataFormat The SMS data format. 

  * @param aGsmServiceCentre The service centre number. 

  * @param aMore  This indicates whether the client is going to send another SMS 

immediately  

  *                after this one. 

  * 

  * @return KErrNone on success, otherwise another error code indicating the 

  * failure. 

  */ 

virtual TInt HandleSendSmsMessageReqL( const RMobilePhone::TMobileAddress& 

aDestination, 

    const TDesC8& aSmsTpdu, 

    RMobileSmsMessaging::TMobileSmsDataFormat aDataFormat, 

    const RMobilePhone::TMobileAddress& aGsmServiceCentre, 

    TBool aMoreMessages 

   ) = 0; 

 }; // class MltsyDispatchSmsSendSmsMessage  

 (19.) 

 

Symbian is somewhere between the Android and MeeGo definitions. The most visible 

difference is the usage of Symbian data types and classes.  
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4.1.5 Summary of findings 

A quick comparison of only one service, and one specific function, is not enough to 

give a good understanding of similarities and differences. However, already this one 

example indicates that a source code or a binary reusability across all of these 

platforms is impossible to achieve. All of these examples have slightly different ways 

of partitioning parameters between a middleware and a supplier specific component. 

Symbian uses Symbian specific data types and classes; thus it is impossible to reuse a 

code from there. In addition to a reused code, there should be similarities on operating 

system services, processes, IPCs and frameworks. As a result of these findings, it is 

not feasible to continue to analyze the rest of the modem use cases at a source code 

level. 

 

4.2 Modem System Services 

Some analysis still has to be concluded outside the telephony area. To make a 

successful integration of the modem processor, there must be some system level 

services to control the various aspects of the actual modem processor at a system 

integration level. The most evident system service is a processor communication 

framework for software and hardware interfaces, such as AT multiplexer which 

enables the actual communication channels between these two peripherals. The others 

are the modem boot control to control the processor startup, cellular audio 

connectivity, software image transfer and energy management, including battery 

connectivity. In addition to the system level services, there are some supporting 

services especially for R&D and manufacturing purposes. 

 

All of these system services are somewhat forgotten when discussing a modem 

integration either in a scope of Android, MeeGo or Symbian. The nature of these 

services is a common low-level system integration instead of the cellular 

communication, and probably therefore the main focus is always concentrated on the 

„real‟ modem functionality, instead of these supporting services. Anyway, the same 

findings should be applicable for these services. There is no efficient way to increase 

the reusability in system service areas, and compared to the 3GPP protocol services, 



37  

 

there is even more fragmentation on the implementation because of the lack of 

specifications and requirements from the standardization organizations. 

 

FIGURE 14. Modem supplier responsibility areas 

5 STANDARDIZATION AND REUSABILITY 

Standardized modem integration gives clear benefits across the mobile-device 

industry. An improved reusability enables such benefits that are not possible to 

achieve otherwise, and more importantly, these benefits are equally available for all 

the roles in the mobile device integration.  

5.1 Business need for standardized modem interface 

These rather cursory findings discussed in the previous chapter have led to an idea of 

improving the reusability by defining a lower level standard interface below the 

middleware integration APIs. This idea, and purpose, is similar to another cross-

platform standardization work like OpenGL for graphics and OpenMAX for audio 

integration.  
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When looking at different integration layers in Android, MeeGo and Symbian, it can 

quite easily be seen that there is no easy way to make the modem integration more 

cross-platform supported on an application engine side. This is due to the fact that 

each platform uses its own unique software architecture, operating system and 

licensing model. More importantly, the interfaces between each layer are not 

consistent across the platforms.  There can be some similarities in the MeeGo and 

Android modem integrations when using lower level Linux layers. However, different 

licensing models and telephony abstraction APIs at an application level anyway 

require a separate implementation, even if OS and the programming languages are the 

same.  

 

Figure 14 highlights the responsibility areas for a modem supplier. A modem supplier 

has to implement and maintain the same amount of application engine adaptation 

layers as the amount of the platforms are that they are providing their modem 

hardware and software asset to. This is a major investment for a modem supplier as 

they need competences for many platforms, architectures and programming 

languages.  

 

This problem is even more visible when including all global mobile phone 

environments; RIM, iPhone, Windows Mobile, Samsung Bada, and proprietary 

platforms. This problem is at some level valid also for desktop PCs, laptops, 

notebooks, tablets and any other device containing cellular modem functionality. The 

business trend is shifting towards the integration of a cellular modem into devices out 

of traditional mobile devices, and those devices need similar modem drivers or 

adaptation layers. 

 

5.2 Shortcomings of AT commands 

The interface based on AT commands is the only existing interface that defines a 

somewhat standardized functionality for the modem integration. This is the most 

wide-known and supported interface by any modem supplier. (12.) 
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The history of AT commands originates from external desktop PC modems where a 

communication has been simple and straightforward. AT commands have been 

transferred within a data stream, and the AT interpreter is switched between a data 

and a command mode. The traditional AT command interpreter blocks any other 

commands while the previous command is still being processed. This do not allow 

parallel communication and makes the adaptation behave as a synchronous 

communication protocol; a client has to wait until the command is processed because 

the server is not able to reply, or there is a risk that the state machines go out of 

synchronization. 

 

It is possible to build an AT modem adaptation and AT modem interpreter in the way 

that it has a better support for an asynchronous communication in a multi-client 

environment by using multiple channels for the AT commands. The AT multiplexing 

protocol is specified in 3GPP 27.010 (20). 

 

Multiplexing allows the creation of virtual AT command channels between an 

adaptation and a modem. Each virtual AT command is handled as a regular AT 

command channel as specified in 3GPP 27.007.  By using this kind of multiplexing 

mechanism, call control, unsolicited messages and data flow can be separated into 

different streams and they do not have any impact on each other‟s states.  

 

The AT command multiplexing causes some special cases that have to be handled in 

an adaptation and in a modem software. 3GPP 27.007 specifies some commands that 

are used to control how the AT interpreter behaves. Due to the virtual channels, there 

has to be as many virtual settings for each channel. For example, changing an error-

verbose value on one channel should not have any impact on another channel error-

verbose value. This also applies to e.g. S-register settings and NVM commands that 

are handled by the AT interpreter itself. There are also differences in how various 

modem suppliers create, and allocate, their virtual channels. Some suppliers may use 

only two channels for control and data, while some other‟s can create a separate 

channel for each feature area. This potentially makes the adaptation fragmented as the 

same multiplexer does not fit all suppliers.  

 



40  

 

The AT multiplexing protocol and AT messaging syntax is a valid and already well-

known way to communicate with a modem. However, modem hardware and software 

are becoming more complex due to new radio technologies and features, and therefore 

it should be considered whether there is a better and more feasible way to implement 

modem multiplexing and message protocols.  

 

It is extremely difficult to define a modern modem security, file system and device 

boot up control interfaces built on the top of string based AT commands. If AT 

commands would not exist already, it would be impossible to drive them as a 

standard, modern and device internal communication protocol as an advanced 

smartphone modem communication framework. 

 

The AT command specification is already fragmented, and there is no single 

specification that could thoroughly specify the modem interface. Because of historical 

reasons, AT interface contains commands that are not relevant for an application 

engine and a modem communication. 3GPP specification, as named in User 

Equipment specification, focuses on the whole device instead of only modem 

hardware.  

 

5.3 Open Modem Interface initiative 

At a general level, the most appropriate solution to make an application engine and 

modem integration easier and more efficient is to initiate an open standardized 

modem interface specification. Such an interface is proposed as the appendices 1 and 

2 in this thesis and it is called „Open Modem Interface‟. Open Modem Interface 

would contain the system services, the multiplexing and the routing capabilities and 

the message specifications for a call creation, SMS, networking, system integration 

services and other 3GPP standardized functions. 

 

To make it more efficient from the business perspective, Open Modem Interface 

should also contain standardized hardware interfaces. This would enable a more 

flexible integration into any device. 
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As can be seen in figure 15, Open Modem Interface allows a modem supplier to 

concentrate only on modem software as long as the application environments are able 

to provide community supported adaptation layers. The modem supplier has to 

implement a layer of Open Modem Interface services and a hardware abstraction in 

the way that it fits the supplier‟s internal hardware and software architecture.  

 

 

FIGURE 15. Open Modem Interface responsibilities 
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5.3.1 Open standard 

Open standardization allows a rapid interface development and a light-weight 

interface management. Platform integrators and modem suppliers can contribute to 

Open Modem Interface specification and participate an interface road mapping 

process in a co-operative way. Adding new features must be a straightforward process 

in such a way that supplier-specific additions or exceptions are not needed, or the 

need for supplier-specific additions are minimized.  

 

Open Modem Interface must be kept as a platform and OS agnostic. The licensing 

model should be kept such that it allows a proprietary implementation, but also makes 

sure that all specification improvements and changes are contributed back to a 

specification. 

 

5.3.2 Benefits for modem suppliers 

The most obvious and concrete benefit of adopting Open Modem Interface from the 

modem supplier‟s perspective, is the possibility to focus only on the modem hardware 

and software asset. As already described in figure 15, one modem implementation fits 

perfectly well any application engine that has the necessary adaptation layer available. 

When Open Modem Interface gets more publicity, it can be assumed that a 

compatible adaptation layer is available for all mainstream platforms, and even for a 

closed source. This will improve the overall efficiency of the R&D because there is 

no need to create competencies for various platforms. A supplier can focus on their 

key competences and own innovation areas. This will also improve the time-to-

market because there is one complicated layer less to productize. 

 

A standardization organization can provide a robust test environment in the way that 

it can be used by all suppliers. In this case, there is a significant saving because the 

same test tools can be used to verify a modem delivery for Android, MeeGo, Symbian 

or any other platform. Test tools can be seen as one more application environment and 

the test cases verify the modem functionality against the standardized specifications. 

Of course, this way the adaptation layer testing is left on the platform‟s or the 
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product‟s integrator responsibility, but because of its open source nature, it can be 

assumed that Open Modem Interface adaptation quite easily becomes mature in each 

of the platforms. The same maturity aspect applies to a testing tool, which becomes 

mature and is improved by contributions from different parties; platforms, product 

integrators and modem suppliers. 

 

From the business perspective this can open new opportunities as it allows a modem 

supplier to sell the modem effortlessly to any platform.  This is a great advantage, 

because it decreases the risk of taking part in new products. There is no need to have 

application environment specific competences, and the scheduling risk is decreased 

while the quality is improved.  

 

 

FIGURE 16. Open Modem API is like any other modem adaptation 
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A drawback of this solution is that there has to be an implementation of the Open 

Modem Interface layer on a modem software asset. Depending on the actual Open 

Modem Interface specification, this layer should be very simple, thin and 

straightforward to implement. An investment for a new layer in the modem software 

asset is considered quite small compared to an investment required when Open 

Modem Interface is not adopted, and the adaptation has to be implemented on an 

application engine side. 

5.3.3 Benefits for application engine platforms 

From the Android, MeeGo or Symbian platform‟s perspective standardized adaptation 

is only another modem adaptation as described in figure 16. There is no need to 

redefine the adaptation layers or APIs, because Open Modem Interface is at the same 

level as AT commands or some proprietary interface. 

There is still need for RIL, oFono and Symbian CTSY Dispatcher because some 

modem suppliers may still prefer to have their own proprietary adaptation and modem 

interfaces. Open Modem Interface should be seen as an alternative integration API for 

those modem suppliers who do not have any interest to become involved with the 

adaptation layer implementation. Therefore this proposal do not replace or change 

anything on the application engine side. 

 

5.3.4 Benefits for product integrators 

Product integrators have similar benefits as modem suppliers. A product integrator 

gets more freedom to choose between the modem suppliers because they all fit the 

rest of the system easily. This way the modem interface is abstracted from the 

supplier selection, and the selection can be based purely on features, performance and 

other aspects without any need to concentrate on a risk of the platform compatibility, 

work effort estimations, quality and time-to-market. 

 

Figure 17 demonstrates how a product integrator can freely choose between modems 

X, Y and Z. Symbian CTSY Dispatcher may be already well productized by using 

some other Open Modem Interface compatible modem. Therefore the decision about 

the new modem supplier can purely be based on features such as size, power 
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consumption, price and other technical features. This also efficiently prevents lock-ins 

to a specific supplier and should increase the competition and productivity in the 

industry. At the same time, it also increases the business opportunities for modem 

suppliers, because they can more easily provide their modems to new environments. 

 

 

FIGURE 17. Open Modem API increases possibilities for product integrators 

5.3.5 Technical characteristics 

This section describes some technical requirements and implementation ideas at a 

conceptual level. The following statements can be considered as key features for 

Open Modem Interface: 

 Open – free to use and to contribute. 

 Multiplexing – the multiplexer must be efficient and easy to extend. It must 

support asynchronous communication between multiple clients and 

communication in multi-peripheral configurations.  

 Detailed – the specification must contain enough of the detail level, including 

the message sequences, in the way that fragmented implementation is not 

possible and not allowed. 

 Simple – the specification should have high abstraction level in the way that 

only the needed information is passed between an adaptation and a modem. 
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Complex data structures must be avoided to make the implementation of the 

adaptation layer easier. Hardware or OS dependencies are not allowed.  

 Expandable syntax – the message format must be expandable in the way that 

new features can be added easily and approved by using lightweight 

processes.  

 Runtime configurability – there should be a mechanism to make a 

configuration handshaking between an adaptation and a modem. This would 

allow shared configuration information in the way that the adaptation layer 

can identify and differentiate its behavior based on the features supported by a 

modem. 

 Supplier specific extensions not preferred – this would obsolete adaptation 

compatibility between suppliers. However, there might be some benefits of 

having a supplier extension specifically in the R&D feature area or for testing 

purposes. 

 

5.4 Device Interconnect Protocol based industry standard 

One candidate for the industry standard modem integration is a solution which is 

based on NoTA Device Interconnect Protocol. DIP is an open source software 

architecture, where a hardware abstraction, networking layers and services are 

separated. NoTA is initiated by Nokia Research Center for easier integration, and its 

purpose is to provide an easy and a harmonized way to integrate any peripherals and 

services together. (21.) 

 

Due to importance of the subject of this thesis, separate white papers have been 

created in conjunction with this master thesis. These white papers, that are provided 

as appendices 1 and 2 in this thesis, describe business and technical aspects of the 

proposed NoTA-based solution and define some example interfaces for those basic 

use cases that are already analyzed within this thesis. The white papers conclude this 

thesis work by adding detailed descriptions of the challenges, architectures and 

technical solutions for the integration problems. 
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6 CONCLUSION 

The master thesis conclusion is divided in the way that it highlights some technical 

problems, standardization related discussions and concerns as well as some personal 

findings related to this thesis work. 

 

6.1 Technical findings 

The lessons learnt from this thesis are that most of the modem adaptation layers and 

the modem software assets are similar when looking at the high level features and 

software partitioning. The differences become visible when a more detailed 

implementation is compared between the platforms. For example, supporting an AT 

command based modem in all platforms requires a major work effort even if the 

features and the basic principles are the same. Each middleware and the telephony 

integration APIs are behaving somewhat differently, therefore causing some 

complexity for the cross-platform reusability. There is no easy way to increase the 

reusability on the adaptation layers, and therefore an industry standard and a 

harmonized modem interface seems to be the only relevant and technically feasible 

solution for the increased reusability. As described in the attached white papers (see 

Appendices 1 and 2), there are significant benefits of using the industry-defined and 

harmonized modem interfaces. 

 

The DIP based solution is a strong candidate, because it already provides a basic 

framework for the hardware abstraction, communication, routing and service 

definitions. It is already open sourced with a flexible BSD license, thereby supporting 

any licensing model and software architecture partitioning. This technology proposal 

is a promising candidate, and it will be studied further in more detailed studies. 

 

6.2 Open standardization initiative and industry feedback 

The most difficult part of the Open Modem Interface has been the initiative itself. 

There were surprisingly many non-technical problems to be solved, before the 

industry discussions and a standardization proposal could be proceeded with. 
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There are many stakeholders to whom the problems and solutions have to be sold. 

Typically, each of those stakeholders has somewhat different viewpoint; the 

justifications and the benefits have to be highlighted in a different way. This means 

that typically different kind of materials and presentations had to be used, when 

discussing this idea with the application engine OS providers, the product integrators 

and the modem suppliers. 

 

One of the most critical questions, when initiating these kinds of discussions is to 

emphasize the nature of the discussion. In other words, these proposals are really 

targeted as a long-term solution proposal, without interfering the existing discussions 

about ongoing projects, interface definitions and architectural decisions. Long-term 

targets typically conflict with the short-term targets, and there have to be detailed 

plans how to drive these discussions forward in a coherent way. There are always 

risks that the long-term targets does not get sufficient focus due to the higher 

priorities in short-term plans; this is something that is probably evident in all software 

projects and not only in this specific modem integration case.  

 

Now there is some kind of an industry-wide agreement that the problems are there 

and something should be done in the context of the first whitepaper (see Appendix 1). 

The technical solutions are open – and the biggest concern is how to initiate such a 

standard that is applicable for all parties. One part of that discussion will be the 

operational model of the standardization; what is the forum to control and maintain 

these modem interfaces. 

 

These discussions will continue, and it can be estimated to be a long process before 

there will be open standard interfaces, standardization forum, adaptations and 

modems using this new technology. 

 

6.3 Personal findings 

My decision of including Android, MeeGo and Symbian into this study was 

somewhat too ambitious, because it meant even more work when analyzing the 
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software assets, and eventually forced me to decrease the depth of the analysis, in 

order to keep the work effort reasonable. The inclusion of so many platforms was a 

wrong decision from the detail level‟s point of view, but on the other hand it was 

necessary to include multiple platforms, because the final findings would have been 

difficult to justify based on only a single platform. The generic understanding of 

Android, MeeGo and Symbian adaptation layers helped me to justify and write the 

white papers more deeply and with better reasoning.  

 

My initial hypothesis for this work was to focus on the application environment 

adaptation layer source codes. I planned to study software architectures, classes, 

methods, parameters etc. to see what kind of implementation differences there are. 

However, I quite soon realized that each of those platforms are similar at the principal 

level and very different at the implementation level. I started to consider whether such 

implementation comparison provides any real benefits in a thesis. Based on those 

initial findings, there are no significant differences between the different telephony 

stack implementations from the product creation‟s point of view. Symbian seems to 

be ahead of the rest due to its mature and complete feature offering, but on the 

product integration‟s point of view, those implementation details are not critical on 

the whole product‟s perspective. Therefore, I adjusted my focus area on reusability 

questions such as how easy it is to reuse a modem engine between these different 

platforms.  

 

This view proved to be a very good decision, because it led to the creation of two 

whitepapers and the solutions how the industry wide benefits can be achieved for all 

parties. The parties, in this context, mean all application environments, including 

closed source platforms, product integrators, any application engine, any operating 

system or a modem supplier. If the industry standard open modem interface is 

initiated and adopted, it will have a significant impact across the business 

environment, and it is a meaningful and a valuable result in a master thesis. 

Personally, I am happy with the contents and the workflow of the white papers.  

 

Overall, I am satisfied with the result – this is not a final and a complete solution to all 

integration problems, but it gives a glimpse into the modem integration challenges 
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and demonstrates how the existing open source platforms can benefit of the proposed 

solution. In the best case, this work will result as an industry standard interface for the 

modem integration, which can be considered as a major achievement. This work will 

continue with more detailed specifications of the modem services, and some ideas are 

already visible in the second white paper (see Appendix 2). 
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