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3GPP Foreword
Over the last two decades the growth of mobile communications has consistently been surpassing all predictions. It is impossible to underestimate the role global technology collaboration and international standardization has played in this success.
The authors of this book: Fred and Karl Heinz have each been instrumental in different phases of these efforts over the years. Hans has been an active contributor to ETSI SMG and 3GPP since the early 1990s. Many of the war room stories and anecdotes involve these gentlemen - who else could provide an authentic write-up of the key technology developments from the early days of GSM to today’s mobile broadband LTE system?
The book describes the key steps – both technological as well as organizational/political that led to a single global mobile footprint we all enjoy today.
With every step a barrier was broken. GSM brought down the walls between European countries and rallied them behind a single digital initiative. UMTS extended this to a truly global technology, where LTE unified the entire industry behind a single mobile broadband system.
Many of the things we take for granted in 3GPP today are inherited from the initial cornerstone agreements that created a standards ecosystem unmatched by any other industry. For anyone and everyone having a stake in this ecosystem this book is a must read.
As we move towards mobile systems striving for even greater capacity and agility this book makes all of us realize how far we have already come and that the road encompasses learnings that are equally valid today and will be equally valid many years into the future.
Balázs Bertényi September 2013
ETSI Foreword
2013 is being a great year for ETSI. Refreshing blood flowing through its veins, new activities and interest blossoming and everything in the midst of ETSI’s 25th Anniversary!
25 years at the forefront of standardization. 25 years marked by the enormous success of the development of mobile telecommunications. When this history started, mobile telephony was something that only a few could afford. And the service provided very limited, both in coverage and quality.
We then could witness the very rapid uptake of GSM: European citizens could now have affordable access to mobile telecommunications. Even more, European citizens could now roam all over Europe with their own telephone handset and be able to call and being called! A new society was building up, new ways, new businesses… all thanks to standards.
The mobile communications fever then started to expand beyond European borders. It was unstoppable. Some years passed and the world of standards realized that the next generation of mobile communications (the Universal Mobile Telecommunication System, UMTS) following GSM could not be only “made in Europe”. At this point in time some wise men determined that work in UMTS should be done in co-operation, and then ETSI pushed for the foundation of the 3rd Generation Partnership Project, aka 3GPP, that started operations just 15 years ago. And since then, constant evolution has been the motto of the project… with all this list of acronyms that standardisers like so much: HSDPA, HSUPA – and their “plus” versions – LTE, LTE Advanced… the show must go on!
This book presents an excellent summary of how this history of mobile communications has developed. And what a cherry in ETSI’s birthday cake! A book where three of the persons who have probably been amongst the most relevant and fundamental in this part of the history of mobile telecommunications agree to put their minds and pens together to relate these moments of their lives.
ETSI can very proudly say that it not only has one but three minstrels ready to sing ETSI’s feats. And I guess most people would concur with us that it would have really been difficult finding better performers, all of them having been an integral and fundamental part of digital mobile telecommunications existence and fate.
We would like to end this foreword by citing a great author, Oscar Wilde: “Anybody can make history. Only a great man can write it”. So here we are, a nice history written by three great men. Enjoy it!
Dirk Weiler and Luis Jorge Romero Saro September 2013
Preface
Mobile communication is an indispensable ingredient of our present life. The high penetration and the global reach were enabled by globally applicable standards. The root for this development was the European decision to reserve 2 x 25 MHz in the 900 MHz band and to create a European standard in 1982. Since then the GSM, UMTS and LTE platform has been the core of the success for 30 years.
In 2013 the anniversaries of 25 years of ETSI and 15 years of 3GPP are celebrated. At this occasion this book provides an overview of the development from 1982 to 2012. It is written by persons who have been involved in the creation of these standards.
All three authors work today for Hillebrand Consulting Engineers GmbH. The company advises about the ETSI IPR Policy and provides assessments of the technical value of patents in the context of patent acquisitions, license negotiations and patent litigations. It is an ETSI member.
This book is sponsored by Hillebrand GmbH who celebrated its 10th anniversary in 2012. An electronic version can be downloaded from www.hillebrand-ce.com free of charge. It can be distributed freely. Printed copies are available from Hillebrand GmbH.
Friedhelm Hillebrand, Karl Heinz Rosenbrock, Hans Hauser September 2013
1. Introduction
In the late 80s and early 90s the market fragmentation in Europe and worldwide by the use of several analogue mobile standards which were not compatible among them did not allow real economies of scale. Hence services and terminals were expensive and the number of users was limited.
The digital GSM standard was developed in Europe from 1982 onwards with the target to enable a European market with economies of scale and international roaming. The completion of GSM Phase 1 in 1990 was the basis for the implementation of the first generation of GSM networks from 1992 onwards.
Soon it became clear that an evolution of GSM was needed by the market with improved services, higher data rates, and better speech quality. This led to the creation of GSM Phase 2 as expandable basis and the GSM Phase 2+ program to provide advanced features. Most of this work was completed by 2000.
Technological progress allowed much higher data rates in UMTS/3G. The basis was laid in the years from 1996 to 2000. Then a strong evolution to HSPA and IMS took place in the years to 2004.
The GSM/UMTS platform was expanded to 4G (LTE/LTE-Advanced and EPC) in the years from 2004 to 2013. Its main characteristics are true mobile broadband access, solely IP based and the interworking with various other access technologies.
The successful GSM standardization work and the voluntary commitment of network operators to apply GSM in their networks from 1992 onwards were the key enabling factors for the global success of GSM. The GSM/UMTS/LTE standardization process delivered advanced implementable features and solutions described in a comprehensive set of globally applicable system specifications which were available when the market needed them.
The standardization work was done in CEPT GSM from 1982 to 1989, then in ETSI TC GSM and SMG until 1998/2000 and since then in 3GPP.
Initially in CEPT only European administrations (operators) could participate, from 1987 onwards also manufacturers could contribute. Then in ETSI the direct participation of European manufacturers became possible from 1989 onwards. In 3GPP finally, all organizations irrespective of their location world-wide were able to participate.
This book provides an overview about the standardization of GSM and UMTS in Europe and the opening to a global participation by Friedhelm Hillebrand (chapter 2). Karl Heinz Rosenbrock describes the organization of the global cooperation in the Third Generation Partnership Project (3GPP) and its evolution from 1998 to 2012 (chapter 3). Hans Hauser describes the outcome of the 3GPP work: completion of UMTS first version and its evolution as well as the evolution to 4G (LTE/EPC) (chapter 4). In chapter 5 an overview of the elaboration of technical specifications is provided by F. Hillebrand and H. Hauser.
2. The Standardization of GSM and UMTS in Europe and the Opening to the World from 1982 to 2000 (Friedhelm Hillebrand)
2.1 The Pioneer Period: GSM Phase 1 Standard and first Networks from 1982 to 1992
2.1.1 Major Milestones
1982CEPT allocates 2x 25 MHz in the 900 MHz spectrum band for the use by a Pan-European mobile communication system and forms the "Groupe Spécial Mobile" (GSM)
1982–1984 Agreement on strategic targets
1985–1987Agreement on principles for services and network architecture, as well as basic parameters for radio and speech coding
1988 (IstQuarter)Completion of first set of GSM specifications for infrastructure tendering
1989CEPT GSM becomes ETSI Technical Committee GSM (TC GSM)
1990GSM Phase 1 Specifications frozen
2.1.2 The Situation in the early 1980s
The concept of mobile cellular networks was developed in Bell Laboratories in the 1970s. This led to the first standard for analogue cellular networks AMPS (Advanced Mobile Phone System). It was the basis of cellular networks all over North America and many other countries in the world.
TACS (Total Access Communications System) was an AMPS version adapted to the European spectrum situation and was used in UK, Italy and Austria etc.
In Scandinavia the Nordic Mobile Telephony system (NMT) was developed in the 1970s and used in Scandinavia and several other countries from 1981 onwards.
In France, Germany and Italy national systems were developed and implemented.
In Europe this development led to a market fragmentation and high cost of terminals and network equipment and hence to a low market penetration. No Europe-wide international roaming was possible. At the end of 1993 only 7.4 million users of analogue cellular systems1 existed in Western Europe with a population of more than 300 million inhabitants.
2.1.3 The Start of the GSM Development
A decision in principle to open the 900 MHz band to land mobile services was taken by the ITU in the World Administrative Radio Conference 1979.
In June 1982 the Netherlands presented a contribution to the Conférence des Administrations Européennes des Postes et Telecommunications (CEPT), the organization for the cooperation of the (Western) European telecommunications and postal operators2. It pointed out that unless a concerted action to work out plans for a common European system was started very soon there would be a serious risk that the 900 MHz band would be taken in use for various incompatible systems in Europe and the last chance to build a Pan-European system in the 20th century would be lost. They proposed studies for the creation of a harmonized public European automatic mobile service which would have to be operation in the early 1990s3. This view was strongly supported by the Nordic Administrations4. The CEPT Telecommunications Commission accepted this proposal and asked their sub-committee CCH (Comité de Coordination et Harmonisation) to "proceed with the harmonisation of a public land mobile communication system in the 900 MHz band"5.
The harmonization of a mobile system in Europe was discussed intensively. Many delegates were thinking of some kind of harmonization of the existing systems in Europe. But some delegates strongly expressed the view that a more future-proof solution based on new technology should be aimed at. CCH endorsed an action plan which had been elaborated by the Netherlands and the Nordic countries. It did not mention an interim system. This action plan served as mandate for the GSM work for a number of years6.
CCH decided in November 82 that a special working group for mobile services (Groupe Spécial Mobile = GSM) should be set up to perform the work. Thomas Haug was appointed Chairman. He stayed at the helm until April 1992.
2.1.4 The first Work Phase of GSM from the End 1982 to the End 1984
The newly created "Groupe Spécial Mobile" (GSM) had their first meeting in December 1982. Members were the incumbent (monopoly) network operators in most of the 28 CEPT countries. In UK the members were the Department of Trade and Industry (DTI) and two licensed network operators. The work could start immediately based on the strategy document and action plan already endorsed by CCH.
The strategic targets called for a new advanced system to be available in the early 1990s. It should be able to share the 900 MHz spectrum with existing analogue ‘interim’ systems. Mobile stations should be able to operate in all CEPT countries. Telephony was seen as the main service, but attractive non-voice services should be enabled as well. High spectrum efficiency was required. The system should be able to support hand portables. A growing demand for speech security was seen7. The system parameters should be optimized to limit the cost of the mobiles, since they constitute the main part of the total system cost.
The action plan identified study items: already ongoing studies, items for external studies, ongoing research market and tariff studies. An investigation of requirements for administrative and regulatory requirement should be undertaken. The basic parameters of the system and the outline system specifications should be elaborated. Proposals for licensing, type approval and free circulation of mobile stations should be elaborated.
All these aspects were progressed by contributions of many participants during the period up to the end of 1984. Several ad-hoc working parties took place during the GSM Plenary meetings. The work of external groups was reviewed. Much input on market and tariff matters was received. The impact of hand portables on the system was assessed in depth8 and the target to support hand portables was confirmed.
The strategic targets were consolidated in a document “Basic requirements for a harmonized mobile communication system”9. It foresaw the standardization of an advanced new system to be used in the new spectrum. It treated services, quality of service, security, spectrum usage, network and cost aspects.
During this phase research activities took place in different countries and the results were shared within GSM. This phase created an alignment of views on principle questions. This consensus was a stable fundament for the work to come and provided sufficient direction for the next work phase.
2.1.5 Agreement on the Basic Parameters of GSM and the Creation of the GSM Memorandum of Understanding (MoU) from Q4 1984 to Mid 1987
In autumn 1984 France and Germany agreed to terminate the development of their planned analogue 900 MHz ‘interim’ system S900 and committed themselves instead to introduce networks based on the system standardized by GSM. They informed GSM during its Plenary in November 84 about this agreement and their plans of trials for the most critical new elements of GSM: the digital radio transmission and low bit rate speech coding10.
This information triggered experimental programs in several countries. GSM planned later a comparative evaluation to be carried out at the end of 1986. This led to very serious efforts to explore advanced technical solutions for its suitability use in GSM.
During this phase analogue 900 MHz ‘interim’ systems were put in service in the Nordic countries and in UK. This showed clearly the need that the new GSM system needed to be in most aspects at least equal, but superior in several aspects to analogue ‘interim’ systems. This matter was regularly addressed by the UK and others.
The work in this period Q4 1984 to Q2 1987 was very intensive. It turned out that the original idea that GSM should just do the project management and rely on the work of other CEPT groups did not function. Hence GSM had to take on more and more tasks. Several permanent Working Parties who met independently from the GSM Plenary and a Permanent Nucleus were created. A structure for the GSM Recommendations and an action plan for their completion were created11.
GSM developed a concept for the services12. This included besides telephony already a Short Message Service (SMS) based on a proposal from Germany and France. The system architecture including the definition of the system elements their interfaces and message flows were developed. Intensive technical work was done on the radio subsystem in preparing the trials, their evaluation and conclusions. Also the work on low bit rate speech coding was very intensive. A complete architecture for security including authentication and encryption was developed. The use of smart cards as Subscriber Identity Modules (SIM) was agreed.
Principles for type approval, licensing of mobile stations and free circulation were developed. A concept for charging and accounting in international roaming was proposed and accepted. This work took place in GSM Working Party 1 with input mainly from Germany. The result was a series of recommendations which were approved by GSM after consultation of other CEPT groups. Several of these recommendations were later transferred to GSM MoU groups (see end of section 2.1.5).
The most critical issue was the selection of the basic parameters of the radio subsystem. An intensive debate took place in the GSM Plenary in Madeira in February 1987. It was possible to find a full agreement that the GSM system should not use analogue, but digital technology on the radio path. It was however not possible yet to unanimously select a multiple access technology13. Nevertheless it was possible to agree working assumptions for a narrowband Time Division Multiple Access (TDMA) solution. This allowed for the continuation of the technical work on this method14. Based on a proposal of France, slow frequency hopping was included, but only as an operator option. The hopping capability was thus mandatory for mobile stations and optional for the network infrastructure.
Based on the technical work done in the speech coding group it was also possible to agree working assumptions for the GSM Full Rate Codec. These assumptions included the use of a Regular-Pulse-Excitation Linear-Predictive-Coding (RPE-LPC) algorithm with the addition of Long Term-Prediction (LTP), as well as the use of speech activity detection to allow discontinuous transmission.
Principles for non-voice services and the creation of a Working Party for them were also agreed.
The selection of the basic parameters of the radio subsystem required further discussions which led to a change of the modulation method to allow the use of a more efficient channel coding scheme. In May 87 a unanimous agreement was reached in a high level meeting in Bonn (Germany).
Feature | Impact |
---|---|
200 kHz radio channels supporting 8 full rate or 16 half rate TDMA channels | In comparison to solutions based on a 30 kHz radio channel, GSM allowed higher bitrates for voice and data |
Viterbi channel coding | Effective multipath compensation |
Slow frequency hopping | Additional compensation of multipath especially for hand portables. Averaging of co-channel interference leading to an increased capacity. Made GSM effectively a wideband system. |
Mobile assisted handover | Mobile provided reliable measurement data for robust hand-overs even under high load |
Figure 2-1: Key Features of the GSM Radio System15
This work phase resulted in a set of future proof basic parameters for the whole GSM system which was very advanced, but implementable by the state of technology in the late 1980s/early 1990s. This set of parameters was approved unanimously and provided a firm direction for the following specification phases.
In order to stabilize the situation long-term, Stephen Temple (UK) proposed to create a GSM Memorandum of Understanding (GSM MoU) and led an effort to its acceptance. The GSM MoU was signed in September 1987 by operators from 14 countries and later in 1987 by the rest of the (Western) European operators. The Signatories committed themselves to open GSM networks in their countries in 1991. They took the obligation to support the standardization of the GSM system and to solve related operational and administrative/regulatory issues.
This GSM MoU (Memorandum of Understanding) provided a significantly increased credibility in the commercial seriousness of the effort to introduce GSM. Thus it provided a stable framework for the development and implementation of GSM.
2.1.6 First Set of Specifications for Infrastructure Procurement from Q2 1987 to the End of 1988
The GSM system architecture which was the basis of the GSM specifications is shown in Figure 2-2:
Figure 2-2: GSM System Architecture
For the development of the specifications all groups were opened for the participation of delegates from manufacturers within the delegations of the network operators in order to allow their competence to flow into the specification work. The number of groups and the work intensity grew substantially.
When the GSM MoU was signed, operators committed themselves to roll out the GSM infrastructure starting in 1991. Consequently, operators had to prepare the documents to launch a procurement of infrastructure needed. The same set of specifications was required for all operators to ensure network interoperability and a multivendor environment. The GSM Plenary and the GSM MoU selected from the GSM Action Plan a sub-set of the technical specifications necessary for equipment development and procurement16. GSM made all efforts and managed to complete them sufficiently for a procurement activity which was carried out in Q2 and Q3 1988. This set of specifications contained about 3000 pages. In autumn 1988 ten contracts were signed and the point of no return for GSM was passed.
CEPT Working Group GSM started to discuss issues related to Intellectual Property Rights (IPR) matters in regard of the emerging standard. After some time this work was transferred to the GSM MoU Group. It found there a temporary solution, which was taken over in 1989 by the ETSI Special Committee on IPRs and then further developed to become the Interim ETSI IPR Policy approved in November 1994.
2.1.7 GSM Phase 1 Specifications for Service Opening from 1989 to 1990
During the work it turned out that it was not possible to specify every feature which was mentioned in the Action Plan. A selection was made for the service opening in 1991. This set of specifications was called GSM Phase 1. It contained the new radio subsystem, the new core network including the security architecture as well as the SIM. But it supported only a limited set of services as telephony including international roaming as well as call barring and call forwarding. These specifications were functionally frozen in January 199017. This meant that no new features could be added to these specifications and only errors could be corrected or gaps could be filled after this date. This set of specifications contained about 5000 pages and was published in 199018.
In parallel the specifications needed for type approval of mobile stations were developed. The GSM MoU Group specified and coordinated the procurement of a system simulator to be used as the single tool for type approval by several operators.
A number of operators bought validation systems. The feedback from their operation was an important element for the quality of the specifications.
In Q2 1989 the GSM was transferred to the European Telecommunications Standards Institute (ETSI) created in 1988. The group was renamed Technical Committee GSM (TC GSM). Its working methods remained largely unchanged. However manufacturers could now take part directly as ETSI members. This resulted in more participants and contributors to the work.
For the Short Message service a first set of technical specifications was produced in a subgroup of Working Party 4, which was led from 1987 to 1990 by Norway and later by UK. Since the priority of operators was telephony, the Short Message specifications became part of GSM Phase 2.
At request of the UK, specifications for Personal Communication Networks (PCN) working in 1800 MHz needed to be developed. Since the deadline was short, GSM chose to modify the GSM900 specifications where necessary for this application. The resulting system was known as Digital Communications System 1800 (DCS1800) and was called GSM1800 after the full integration with GSM.
2.2 GSM Phase 2 forms the Basis for the Evolution (1991 to 1995)
2.2.1 Major Milestones
1991Start of GSM Phase 2 standardization work
1995(October) GSM Phase 2 standardization frozen
2.2.2 The Standardization of GSM Phase 2 from 1991 to 1995
In October 1991, ETSI allocated the responsibility for UMTS (see section 4) to TC GSM and renamed it TC SMG (Special Mobile Group). The Chairmanship of TC SMG was held by Philippe Dupuis (France) from April 1992 to April 1996.
The concept of the “Phased Approach” had been introduced in 1990 since it had been realized that not all originally planned features could be completed for service opening in 1991. Therefore, it was decided to finalise a consistent subset of the planned services and to call it GSM Phase 1. GSM Phase 2 would be completed sometime later. It was the understanding of most participants that this would complete the GSM System as it was the case in traditional ETSI thinking (see e.g. ISDN).
In order to specify the identified services and functionalities which had not been completed in Phase 1 and improvements in regard of functions contained in GSM Phase 1, TC GSM started in 1991 to work on GSM Phase 2.
A major effort was put into the compatibility between Phase 1 and Phase 2. This means that a Phase 1 mobile should be able to receive Phase 1 services on a Phase 2 network and that a Phase 2 mobile should be able to receive at least Phase 1 services on a Phase 1 network. It was a relief that all networks were upgraded to Phase 2 quite early. This was also driven by the interest of the manufacturers not to maintain two software versions for the networks.
An important piece of work during this phase was the maintenance of the GSM Phase 1 specifications. There were errors, but also experiences with problems in operational networks (e.g. activation of Slow Frequency Hopping).
GSM Phase 1 networks offered telephony and call forwarding services only, even though more services were in the specifications (often however not yet specified in sufficient detail). Therefore all data services had to be enhanced as well as most supplementary services. But there were some new supplementary services: calling line identification, call waiting, multiparty communication, and closed user group.
The DCS1800 specifications had to be completed with a very high time pressure in order to meet the market requirements, especially in the UK. Hence they were not fully integrated with the GSM specifications and as a consequence, there were unnecessary divergences. In order to correct this the DCS1800 specifications were fully merged with the GSM specifications in GSM Phase 2. From then on DCS1800 was called GSM1800. This full integration enabled later the specification of dual-band handsets, roaming between GSM900 and GSM1800 networks and dual-band of operation in the same network (see 2.3.4.9).
The original GSM speech codec used 13 kbit/s. It was envisaged already in 1987 that with technology progress a half-rate codec would become possible. But it lasted until the beginning of 1995 that the specifications of a half-rate codec could be completed.
During the work on Phase 2 it became obvious, that Phase 2 would not be the end of the GSM evolution. Therefore hooks were inserted to allow the later introduction of further new elements19
Another big piece of work was the elaboration of test specifications for the type approval tests of mobile stations.
This large piece of not spectacular, but careful work was indispensable for the final success of GSM. It was completed in steps. The full package of GSM Phase 2 Specifications could be frozen in October 1995.
2.3 GSM Evolution by GSM Phase 2+ (1993 to 2000)
2.3.1 Major Milestones
1993ETSI TC SMG agrees objectives and methodology for an open evolution of GSM beyond phase 2, to be implemented as GSM Phase 2+
1997 (February)GSM Release 96, the first release of Phase 2+, completed (CAMEL Phase 1, EFR, SIM toolkit)
1997 (End) GSM Release 97 completed (CAMEL Phase 2, GPRS Phase 1)
1998 (End) GSM Release 98 completed (AMR, TFO, MNP)
2000 (March) GSM/UMTS Release 99 (CAMEL Phase 3, GPRS Phase 2, AMR EDGE, LCS, UMTS fundamentals, UTRAN) completed by 3GPP, ETSI TC SMG and ANSI T1P1
2000 (June) Transfer of the remaining GSM specification work to 3GPP, closing of ETSI TC SMG, creation of a new Technical Committee MSG (= Mobile Standards Group) responsible for European regulatory standards and issues.
2.3.2 The Concept of GSM Phase 2+
In order to allow the completion of the full set of the set of GSM Phase 2 specifications at the planned completion date, TC SMG had to stop adding new work items to GSM Phase 2 in 1992. Then a little list of items - not included in Phase 2 - emerged: e.g. new supplementary services and an extension of the SMS alphabet in order to cope with the needs in Arab countries and China.
The discussion on the way forward was triggered by Nokia’s one page SMG contribution in March 1993 entitled “GSM in a Future Competitive Environment”20. It recalls that GSM Phase 1 networks will exist in 40 countries with over 3 million users by the end of 1994. It was emphasized that the present cross phase compatibility mechanisms would exclude any further “phases” in GSM.
Nokia stressed: “However natural market forces will demand that GSM remains competitive well into the next decade until third generation systems begin ... GSM will therefore need to compete ... with Generation 2.5 standards that are able to offer better speech quality and improved system capacity ... it is inevitable that at least some operators, and some markets, will require enhancements to the GSM Standard by the year 1997/8.”
This resulted in a pretty controversial discussion in TC SMG. Philippe Dupuis, the Chairman, proposed to hold an open workshop to discuss the matter further. This was held in Helsinki in October 1993. It was realized that the GSM network and services as specified in Phase 2 needed not to be seen as the final shape of the GSM system, but that they could be considered as a platform which had substantial evolution potential. There had been contributions on enhanced speech coding, the exploitation of Intelligent Network (IN) techniques, the use of GSM in mobile satellite services and new services like packet radio. This workshop concluded that many operators and manufacturers who had invested much in GSM would like the GSM Standards to continue to evolve beyond Phase 2 as long as possible.21
This strategy to see the GSM development not as completed by Phase 2, but to consider GSM Phase 2 as the platform for an unlimited evolution was endorsed by TC SMG22. The evolution was called Phase 2+.
2.3.3 The Development of the GSM Phase 2+ Programme
The GSM Phase 2+ program was developed in annual releases. A list of features was selected for each release. The work in regard of a feature addressed all aspects needed (mobile station, SIM, radio, network, testing). Change Requests to the existing specifications were developed. These needed to cover the cross-releases compatibility issues. For a new release all specifications were re-issued as updated versions instead of producing supplementary documents. There were four annual releases: Release 96, 97, 98 and 99 (see milestones in 3.1). Release 99 included also the first specifications of UMTS.
The GSM Phase 2+ programme contained many items23. Some related to the radio interface between mobile station and base transceiver station, others involved other interfaces and other network elements. This was possible in GSM standardization, since it defined the whole system and not only the radio interface as it was the custom at the time in North American standardization of cellular systems. Here is a short description of the items of GSM Phase 2+ which became relevant to the market.
Friedhelm Hillebrand (Germany) was Chairman of ETSI TC SMG from April 1996 to July 2000.
2.3.4 New Service and Features in GSM Phase 2+
2.3.4.1 Extension of SMS Alphabet
The acceptance of GSM in the Arab countries and in China made it necessary to find a more universal character set. The experts found a solution in ISO who had just completed a code for the computer industry with two octets per bit (Unicode) which allowed the necessary flexibility. Therefore Unicode was integrated as the second character set in SMS.
2.3.4.2 New Supplementary Services
The really difficult piece was “Call Completion to Busy Subscriber” (CCBS). This is the most popular supplementary service in the fixed networks. But many different scenarios of a completion of a call to a subscriber in a mobile network, in the fixed network or in another cellular network connected to a fixed network and international roaming on top made the work very complex.
2.3.4.2 SIM related Items
Originally, the SIM was specified for 5 V. Technology progressed and went to 3 V and lower power consumption and higher processing power and larger memories. SMG reached an agreement on a new specification which allowed exploiting the new 3 V technology and on the transitional arrangements.
The SIM Application Toolkit (SAT) made the so far unused computing power in the SIM available for applications. For this purpose the protocol between the SIM and the mobile equipment had to be expanded. Applications were storing of telephone directories on the SIM, storing of SMS on the SIM and banking applications.
2.3.4.4 The Evolution of GSM to Intelligent Network (IN) Functions
Since GSM uses an ISDN based core network, the Intelligent Network functions developed in ISDN were applied for GSM networks in order to create possibilities for a differentiation of operators in regard of services. New work was needed, since the mobility element was missing in the ISDN work. Also the new core network high layer protocol INAP, which was under development for ISDN, turned out not to be sufficiently developed and modular for the use in mobile networks. Hence it became necessary to develop extensions of the MAP protocol to support the IN use in mobile networks. The use of IN concepts in GSM networks was standardized under the heading Customised Applications for Mobile (CAMEL). It was completed in three phases as part of the GSM Releases 96 to 99.
2.3.4.5 Location based Services
First elements for location based services were standardized in Release 99. The focus was on specifying methods to determine the location of a mobile station in the GSM network.
2.3.4.6 Regulatory Requirements
To meet special requirements of the regulatory authorities effectively and efficiently, two functions were standardized: Mobile Number Portability and Lawful Interception.
2.3.4.7 Better Speech Quality
In a first pragmatic step TC SMG endorsed in 1995/6 the Enhanced Full Rate Codec (EFR) which had been developed in Canada and had been standardized by ANSI T1P1 for the North American GSM networks.
But still there was dissatisfaction with the speech quality and it was decided to develop the Adaptive Multi Rate codec (AMR), first in a narrowband version (up to 3.5 kHz audio) and later as Wideband AMR (up to 7 kHz audio). The AMR concept foresaw the integration of all codecs into one intelligent system. In addition to the FR, HR and EFR and new enhanced HR and a new FR codec were chosen. The system provided a control function. It allowed a real time adaptation which selects the bit rate to provide the best combination of capacity and quality possible. The narrow-band AMR was completed as part of Release 99, the Wideband AMR later by 3GPP.
With the growth of GSM the number of mobile-to-mobile calls grew. A straight-forward means to improve the speech quality was to avoid in mobile-to-mobile calls the double trans-coding to/from 64 kbit/s ISDN speech coding to 13 kbit/s GSM. The Trancoder-free Operation (TFO) was completed in two phases in Release 98 and Release 99.
2.3.4.8 Enhanced Data Services for the mobile Internet
The standardization of the “Mobile-station Execution Environment” (MExE) intended to use the intelligence of the mobile station to enable a comfortable Internet access. In parallel, the WAP Forum worked in close cooperation with ETSI SMG on the Wireless Application Protocol (WAP) which was intended to provide a comfortable Internet access using GPRS as the basic transport medium. These were “early birds” in using the mobile Internet.
Higher speeds in excess of GSM Phase 2 speeds (9.6 kbit/s or 14.4 kbit/s) were essential for progress towards the mobile Internet. A first step was High Speed Circuit Switched Data (HSCSD). With increasing processor power in the mobile phone it became possible to use more than one radio channel and to combine them to a data stream with a higher bit rate. First implementations used 3 x 14.4 kbit/s channels which allowed the transmission of 42 kbit/s user data.
There were several parties who requested cheaper data services especially for interactive applications. Packet switching data networks avoid call set up times and are charged only according to the transported data volume. The Generalized Packet Radio Service (GPRS) required substantial changes in the GSM radio subsystem. A new higher layer transmission mechanism needed to be embedded into the lower layer capabilities of the GSM radio interface. It allows the use of either one or several time slots or even a complete radio carrier for packet transmission – an early forerunner of carrier aggregation techniques. This provides a data rate of about 100 kbit/s shared by several users. In addition, an overlay network was needed in the GSM core network using two new nodes: Serving GPRS Support Node (SGSN) and Gateway GPRS Support Node (GGSN). The main advantages of GPRS for a user were “always on” and “charging on demand”, not so much “high speed”. GPRS was realized in phases in Releases 96 to 99.
A key step to even higher rates was Enhanced Data rates for the GSM Evolution (EDGE). It re-uses the GSM radio channel structure and TDMA framing and introduces new modulation and coding techniques and the combination of time slots. EDGE Phase 1 was completed in Release 99 and it could be used by EGPRS (packet switched services up to 384 kbit/s) and ECSD (circuit switched services up to 64 kbit/s, limited by the speed of the fixed part of the network).
2.3.4.9 Dual-Band Handsets and Dual-Band Operation
In the beginning, mobile phones worked either in the 900 MHz or in the 1800 MHz band. But soon after the opening of the GSM1800 networks dual-band handsets appeared in the market.
The first new possibility was to enable roaming between GSM900 and GSM1800 networks using the same dual-band handset. This removed a big disadvantage for GSM1800 networks, since they could now offer international roaming with the large number of existing GSM900 networks.
The GSM900 operators were interested to enhance the capacity of their 900 MHz networks in hot spots by using 1800 MHz spectrum in such high traffic regions. To cover this demand, dual-band of operation in the same network was standardized in such a way that it was invisible for the user which spectrum band he currently used.
2.3.5 Use of GSM Technology outside Public Land Mobile Networks
2.3.5.2 Mobile Satellite Systems
There were several satellite systems under development at the time (e.g. Iridium, ICO, Globalstar, Odyssey, ASC). In the beginning, the operators of these systems wanted to compete with GSM, but they realized soon that the cost of terminals and infrastructure was too high, at least in areas with a minimum level of population. So they changed their targets and planned to be complementary to GSM in areas where a terrestrial coverage was not economical or impossible. Soon they realized that it would save cost and time if they base their core network approach as much as possible on a standardized GSM core network. This provided the base to develop roaming between GSM and satellite based networks as well as dual mode of operation in handsets.
2.3.5.2 GSM Railway
The UIC (Union Internationale des Chemins de Fer), the association of European railway operators, realized, that it would be very advantageous to base their future communication system for high speed trains in Europe on GSM technology. But they had additional requirements in two areas: Voice Group Call Services and data services for the European Train Control System.
There were also requirements to use a spectrum band adjacent to the GSM bands and that the radio system should work up to speeds of 500 km/h. This led to a standardization programme GSM-R (Railway). It was essentially completed in 2000.
2.3.6 The emerging Global Cooperation for the GSM Work
2.3.6.1 Cooperation between ETSI and the GSM Association
From 1982 to 1987 the participants of CEPT GSM were only network operators. From 1987 onwards manufacturers participated as part of the delegation of operators. During the years 1987 to 1989 a very close cooperation between the standardization groups (then CEPT GSM and its subgroups) and the association of the network operators (then GSM MoU Group and its subgroups) existed. After March 1989 the GSM standardization work was transferred to the newly created European Telecommunication Standards Institute (ETSI). In 1996 a formal cooperation agreement between ETSI and GSM MoU Group was negotiated and put in place.
2.3.6.2 North America
When GSM went to America, it was a requirement that the service was based on a US standard. Hence the American National Standardization Institute’s (ANSI) Committee T1P1 created a North American version of GSM working in the 1900 MHz band (GSM1900). The market requirements in Europa and USA were different; hence there were different priorities for the evolution. The work in the two committees began to introduce smaller incompatibilities without intention. In addition, ANSI T1P1 had a much smaller technical capacity and used a large part of it to digest the progress made in Europe. And there was not sufficient capacity left for the work on their own high priority items.
ETSI TC SMG took the initiative to remedy the situation. It was agreed to merge the existing two sets of technical specifications in the USA and in the rest of the world into one common set. To evolve the specifications a coordinated annual work programme was established. Each work item was approved in both committees and a committee took the lead. The results were again approved by both committees and integrated into the common set of specifications.
The agreement was made in 1997 and implemented in steps. It improved the integrity of the GSM specifications between the USA and the rest of the world. But the working process was cumbersome and needed great personal engagement of the leadership and participants. Therefore it could not remain forever (see section 5).
2.3.6.3 China
In 1994 the Chinese government decided that GSM should be used as a national standard in China. Shortly thereafter the first networks went into operation. Soon it became clear that China would have additional requirements.
A first case was the new SMS alphabet (see 2.3.4.9) which was already under development in TC SMG.
Another case was the address space in the Mobile Application Part (MAP), the key high level protocol in the GSM core network. It was not sufficient for China since the Chinese operators planned nationwide networks with very large numbers of nodes. In order to remedy this problem, the Chinese operators had urged their manufacturers to standardise a Chinese MAP. This might have led rapidly to incompatibilities with the rest of the world. Therefore, based on a proposal by the TC SMG Chairman, it was agreed between the Chinese authorities and ETSI TC SMG that the Chinese operators introduced their requirements into the work of ETSI TC SMG and that they could fully participate in the work. But the ETSI rules allowed for the Chinese parties only a status as observers and later as associate members. This solution worked for some time to solve the urgent matters in a pragmatic way, but it could not stay as the permanent solution (see section 5).
2.4 Evolution to UMTS (1991 to 2000)
2.4.1 Major Milestones
1991 (October) ETSI TC GSM put in charge of UMTS specification activities in addition to the GSM work and renamed " TC SMG" (= Special Mobile Group)
1996 (March) UMTS Task Force Report on a UMTS strategy for Europe completed
1996 (Spring) Creation of the UMTS Forum dealing with market, regulation and spectrum aspects of UMTS
1997 (February) Consensus on UMTS strategy achieved by ETSI TC SMG
1998 (Ist Quarter) Agreement on the basic concepts of the UMTS standard including services, radio and network aspects (UTRA decision)
2000 (March) GSM/UMTS Release 99 (LCS, UMTS fundamentals, UTRAN) completed by 3GPP, ETSI TC SMG and ANSI T1P1
2000 (June) Transfer of the remaining GSM specification work to 3GPP, closing of ETSI TC SMG, creation of a new Technical Committee MSG (= Mobile Standards Group) responsible for European regulatory standards.
2.4.2. UMTS Strategy Consensus in Europe
2.4.2.1 Research and initial standardization work in Europe
In Europe research on new possibilities in mobile communication with a focus of much higher data speeds had been ongoing for some time. The name Universal Mobile Telecommunications System (UMTS) had been created already in the late 1980s. It was described as “mobile access to Broadband-ISDN”. The vision encompassed not only mobile, but also fixed services. The first RACE24 project on UMTS was awarded around 1987.
In standardization the responsibility for UMTS had been allocated to the existing ETSI TC GSM in October 1991 and it was renamed TC SMG at that occasion. The UMTS related work was done in a subgroup SMG5, dealing solely with UMTS. This activity was very much supported by scientists. And the SMG Plenary did not have much time to deal with UMTS since there was a big amount of work on correcting errors in GSM Phase 1 and preparing GSM Phase 2.
In the 1994/5 timeframe there were many discussions about International Mobile Telecommunication 2000 (IMT2000), previously called Future Public Land Mobile Telecommunication System (FPLMTS), the ITU activity in regard of a third generation system in new 2 GHz spectrum, which had been designated by the ITU worldwide and allocated by CEPT for Europe.
GSM was conquering the world market. But there were voices that GSM would be made obsolete soon by the superior IMT2000. The evolution of GSM was far reaching but not as far as the IMT2000 visions. Therefore, key GSM manufacturers and operators started to become concerned about the future of GSM.
The UMTS Task Force created a European Master Plan
It became clear, that a Pan-European strategy was needed to provide direction and to create a momentum. Hence all “stakeholders” founded the UMTS Task Force to create a European vision for the Third Generation which could be accepted widely. There were participants from the European Commission (research, regulatory and spectrum aspects), the European Radio Office (spectrum matters), major manufacturers and major network operators and their associations. The 19 members were appointed as recognized experts. The report of the UMTS Task force was published on 1 March 1996. It sketched out a vision for third generation broadband services and contained several recommendations:
• UMTS standards should be open to global network operators and manufacturers
• UMTS should offer an evolution path from existing second generation systems GSM900, GSM1800 and DECT. Existing second generation systems should be evolved to achieve their full potential
• The UMTS regulatory framework for services and spectrum must be defined by the end of 1997
• Additional spectrum (estimated at 2 x 180 MHz) must be made available by 2008
• A UMTS Forum should be founded to deal with marketing, services, regulatory and spectrum aspects in order to complement the existing mandates of ETSI and GSM Association.
The path from second generation technology to UMTS was foreseen by an evolution of services, a network evolution and a radio revolution (see Figure 2-3).
Figure 2-3: The Path to UMTS25
2.4.3 Consensus on an overall UMTS Strategy achieved in ETSI in February 1997
2.4.3.1 Global Multimedia Mobility (GMM)
In 1995, the ETSI Technical Assembly established a small experts group to make proposals on the migration from the second to third generation of personal communication systems. The group drafted a vision called “Global Multimedia Mobility” (GMM) describing “a standardization framework for multimedia mobility in the information society”26. It recognized a variety of technologies and proposed an architecture framework with four domains: terminal equipment, access network, core transport network, and application services. It recommended to combine different access networks and different core networks e.g. ISDN, Broadband-ISDN, GSM.
However, the General Assembly held in June 1996 was not able to agree on the report submitted for approval but could only endorse the architecture framework in principle. TC SMG volunteered to specify the services with the widest possible participation from other ETSI bodies, to specify the single new UMTS radio access network and to specify the GSM core network evolution. Technical Committee Network Aspects (TC NA) responsible for ISDN and Broadband-ISDN volunteered to specify the ISDN evolution. This solution was endorsed by the ETSI Board in October 1996.
This work distribution provided a solid frame for the following work of TC SMG. The development of an ISDN evolution as alternative core network did not find sufficient support and momentum from the participants of the fixed network world and hence no such evolution was standardized.
2.4.3.2 UMTS Strategy Consensus in ETSI TC SMG April 96 to February 97
2.4.3.2.1 Conversion of UMTS to a Market oriented Concept
The original UMTS concept was developed as “mobile access to broadband ISDN” in the framework of the RACE program in 1987. But after the strategic agreements reached in the UMTS Task Force and the ETSI GMM discussion, the old UMTS concept of creating a completely new system for mobile access to Broadband-ISDN was transformed into a more market oriented “New UMTS” strategy. The main elements of “New UMTS” were27:
UMTS vision in the late 80s | “New” UMTS vision 1997 | ||
---|---|---|---|
Core ideas | Integration of all existing and new services into one new universal network | Focus on innovative services and support of GSM services | |
Partner networks | Broadband-ISDN | Intranets and Internet | |
Introduction | Migration from existing networks | Evolution from GSM services and networks | |
Roaming | New development, INAP based | Evolution of GSM roaming based on MAP | |
Standardization | ITU | IMT2000 as one monolithic standard in the ITU | IMT2000 family of systems as framework standard in the ITU |
Regional SDOs | UMTS in ETSI for filling of gaps and option selection | Detailed specification in ANSI, ETSI, ARIB/TTC |
Figure 2-4: Conversion of UMTS into a Market-oriented Concept
The basis of the work of SMG5 had been the “old” UMTS. After this strategic change of direction mentioned above, SMG5 and its subgroups were closed. The responsibilities were transferred to the SMG Plenary and the normal subgroups in phases in 1996/7. A close cooperation with the UMTS Forum and the GSM Association was established.
An agreement on the UMTS milestones and phases was reached based on the consensus elaborated in the UMTS Task Force28:
• Freezing of basic parameters of UMTS by the end of 1997,
• Basic UMTS standards by end of 1999.
These milestones became the “polar star” for the UMTS work program in ETSI TC SMG. And they were achieved!
2.4.3.2.2 UMTS Radio Aspects
After a long discussion, it was decided by TC SMG to focus on the UMTS terrestrial access (UTRA), i.e. not to consider the satellite or aeronautical requirements. It was agreed that UTRA must meet the essential ITU requirements.
For the decision between the UMTS radio alternatives, TC SMG endorsed a proposal of the TC SMG leadership not to use a procedure to select between different solutions proposed by different members as it was done for GSM, since this had led to large confrontations. Instead, a cooperative approach the “UTRA definition procedure” was accepted in February 1997. Every company was entitled to propose solutions and to contribute to every aspect of every solution. The process was started with a workshop in December 1996. It was planned that the solutions would be grouped in scenarios in June 1997. Thereafter, the scenarios should be elaborated further and one scenario should be selected in December 1997.
2.4.3.2.3 Relationship between IMT2000 and UMTS
The relation between IMT2000 and UMTS was still not defined in the mid 1990s. The role of ITU was indispensable for key areas such as spectrum harmonization and a related framework standardization. It was, however, clear that the ambitious target of the ITU, to agree on one new system for IMT2000 and to produce all new specifications was not reachable, since the industrial interests were too different. Furthermore, the ITU had never produced a system standard of such complexity.
There had been trilateral discussions between the European Union, the US and Japan on “Future Advanced Mobile Universal Systems” (FAMOUS) in May 1995. The recommendations stemming from these discussions had called for the following:
• Evolution paths should exist from all second generation systems
• Global standards should address the kernel of services, and
• Regional standardization organizations should specify the details.
In order to progress the matter, the TC SMG Chairman drafted a paper on “Third Generation Standardization Policy: the role of ITU and ETSI, the relationship between IMT2000 and UMTS”. The paper describes the interests of the different regions and summarises the FAMOUS recommendations. It proposes to recognise that there will be several different IMT2000 systems and that these should be seen as the “IMT2000 Family of Systems”. ITU should recognise family members, do framework standardization, and deal with spectrum matters. The various regional standardization organizations (like ETSI) should standardise their respective IMT2000 family member, contribute to the ITU framework standardization, propose their radio system candidate which would need to meet minimum ITU requirements for IMT2000 systems, for recognition by the ITU. It was furthermore proposed that UMTS should become the IMT2000 family member which provided the evolution path from GSM to third generation mobile communication.
The document was first circulated to selected persons and then discussed in TC SMG. It created a lively discussion, since it was a revolutionary change. The paper was enhanced during the discussions and approved in TC SMG in February 199729. The substance was then sent to ITU.
After an intensive discussion with other regional standardization organizations, the ITU accepted the “IMT2000 Family of Systems” concept as a realistic and pragmatic way forward. It gave a new orientation to the cooperation between the ITU and all regional standardization organizations. And it unblocked the progress of standardization of Third Generation Systems which could work in the spectrum marked by ITU globally for this purpose.
2.4.3.2.4 Summary of the UMTS Strategy Consensus of February 1997
The content of the UMTS strategy consensus reached in February 1997 was:
• Key UMTS characteristics and services aspects
• Key requirements for the UMTS terrestrial radio access (UTRA) and UTRA definition procedure
• Modular system concept: separation of core and access network, new UMTS radio system, GSM core network evolution
• Strategy on the relation of IMT2000 and UMTS (incl. UMTS as IMT2000 Family member)
2.4.4 Elaboration of the Basic Concepts of the UMTS Standard and the UTRA decision from March 1997 to March 1998
2.4.4.1 The work on UMTS
This work phase achieved an agreement on services concepts, the decision on the UTRA concept and the agreement on fundamental network concepts.
A number of technical reports in key services innovation areas could be completed by March 1998. It became clear that “mobile Internet” would be central to UMTS services.
In regard of the UMTS system architecture it was agreed to create a common GSM/UMTS specification Release 99. The GSM core network should be treated as a subset of the UMTS core network from Release 99 onwards. But the progress in the more detailed work was slow. In order to improve the situation, the system architecture group which was a sub-group of SMG3 “Network Aspects” was promoted to SMG12 “System Architecture” reporting directly to the Plenary. It received the services requirements from SMG1 and would make the basic architectural decisions which would serve as guidance for the other SMG subgroups.
The work on UTRA definition progressed according to plan. In June 1997, an agreement on five UTRA concept groups could be reached:
• Alpha: Wideband Code Division Multiple Access (WCDMA)
• Beta: Orthogonal Frequency Division Multiple Access (OFDMA)30
• Gamma: Wideband Time Division Multiple Access (WTDMA)31
• Delta: Wideband TDMA/CDMA (TD-CDMA)
• Epsilon: Opportunity Driven Multiple Access (ODMA)
During summer and autumn 1997 the initial technical proposals were further developed and integrated into one technical concept per concept group. Then a detailed evaluation of each concept took place. In the December Plenary meeting of TC SMG in Madrid, the radio subgroup SMG2 reported that all concepts fulfilled the requirements and that they had not been able to agree on a single solution and asked TC SMG to take a decision. They advised that the Epsilon solution was to be seen as an advanced relay protocol applicable to all other concepts. Therefore the selection needed to be made between the concepts Alpha to Delta.
All cooperating organizations including the European Commission offered their views in contributions. Many member companies offered contributions. After a long discussion an indicative voting using weighted voting was applied. The result was a surprise: WCDMA 58.5 %, TD-CDMA 41.5 % of the votes. Nobody voted for OFDMA or WTDMA. The quorum of the needed 71 % was missed. Therefore it became necessary to hold a formal vote in the next meeting scheduled for this purpose.
TC SMG met on 28 to 29 January 1998 in Paris. It attracted an all-time high of 316 delegates including delegations from North America and Japan as well as the Chairpersons of the UMTS Forum and the GSM Association. This was equivalent to a very well attended ETSI General Assembly.
Both camps proposed enhancements to their concepts. Then a number of position papers were presented. Since no consensus was reached, a formal vote took place with the result: WCDMA 61.1 % and TD-CDMA 38.7 %. This result did – again - not meet the 71 % majority requirement.
The meeting was adjourned in the afternoon until the next morning in order to provide sufficient time for discussions between the parties. The percentage of votes was nearly unchanged (WCDMA 58.45 % vs. 61.1 %, which is far from 71 %). The parties recognized that a new vote would not bring changes and that there was not a possibility to bring in new voters. Such a situation can lead to a blocking of a whole standardization programme.
But the GSM community shared already large successes and saw a large market ahead and therefore there was the clear will to reach a conclusion. During the evening the fighting camps reached an agreement to merge the FDD part of WCDMA and the TDD part of TD-CDMA into a single solution. This was presented during the next morning. After a thorough discussion this solution was endorsed by all ETSI members present without abstentions.
2.4.4.2 Contributions to the ITU
In 1997, a number of contributions were submitted to the ITU: the proposal of the “IMT2000 family of Systems” concept which was accepted in the December 1997 meeting of ITU-R, and a report on the UTRA definition procedure. In 1998, TC SMG submitted UTRA FDD and TDD as IMT2000 family members. They were accepted by the ITU.
2.4.4.3 Cooperation with Japan
Initiated by a proposal of the Vice Chairman of TC SMG, ETSI TC SMG and the ETSI Board endorsed a mission of the TC SMG Chairman in March 1997 to Japan to explore cooperation possibilities for third generation mobile systems. This mission led to a close cooperation with the Japanese standardization organizations ARIB and TTC. A joint workshop on radio matters was held in June 1997 and a meeting on network aspects in July. A general meeting took place in August. As a result a proposal for working procedures was elaborated. This foresaw a mutual participation as active observers with the right to speak and submit documents.
2.4.5 The Production of the UMTS Reports and raw Specifications in ETSI from February 1998 to February 1999
An agreement to use the AMR speech codec as default speech code in UMTS was reached.
A new smart card strategy was endorsed for UMTS: the GSM SIM was seen as basis, and necessary extensions would be implemented in the UMTS Integrated Circuits Card (UICC).
In regards of UMTS services and UMTS system architecture, several raw specifications were elaborated. The work was transferred to 3GPP in February 1999.
The main focus was of course the work on UTRA, since this was the prerequisite for detailed specifications in the area of services and system architecture. SMG2 finalized the description of UTRA as a Radio Transmission Technique (RTT) proposal for IMT2000 in June 1998. During 1998 the UTRA concept was further refined and the FDD and TDD modes were harmonised. The names for the two modes were changed from WCDMA and TD-CDMA to UTRA FDD and UTRA TDD. TC SMG wrote detailed descriptions of the UMTS Terrestrial Radio Access Network (UTRAN) and the mobile station. This included all radio protocols terminated in UTRAN and the interfaces as well as descriptions of the functional requirements of network nodes and the terminals. The result was endorsed by TC SMG in February 1999 and then transferred to 3GPP as the basis to write actual technical specifications to be completed by the end of 1999.
2.5 The Creation of 3GPP in 1998/9
2.5.1 Problem Situation for an efficient Standardization Work in 1998
The cumbersome cooperation methods for the GSM standardization with ANSI T1P1 and China were still ongoing (see 3.3.3.2 and 3.3.3.3). And it became clearer that they could not be continued long term.
Asian GSM operators expressed their desire to participate fully in GSM and UMTS work. But organizations from outside Europe could not become ETSI full members, but only observers or associate members. Voting rights for associate members of ETSI were not approved by the ETSI General Assembly in November 1987. Another attempt led however to an approval in March 1988.
In discussions with ARIB/TTC and ANSI T1P1 it became visible in autumn 1997 that a common UMTS concept could become possible between Japan, the GSM community and North America, if ETSI would choose WCDMA as UMTS radio technology. But since the core concept of WCDMA had been originally developed in ARIB, the lead for this work was in ARIB. In addition, NTT DoCoMo had announced in SMG#24 in December 1997 that they would develop the GSM core network evolution within TTC in Japan. It was a horrifying vision to develop GSM and UMTS in such a loose network of organizations. It was almost certain that the integrity of the standards would be lost.
Proposal for 3GPP and Exploration of the Acceptance
In order to secure the participation of all stakeholders with equal rights, the integrity of GSM and UMTS, the cohesion between GSM and UMTS and an efficient specification work, the Chairman of TC SMG proposed to create an ETSI Partnership Project for the GSM and UMTS specification work in the third quarter of 1997 to the TC SMG leadership and to several network operators and manufacturers. This should provide a single lean working structure for the production of globally applicable technical specifications of GSM and UMTS and would be open to all committed parties world-wide. The Partnership Project model had been developed in the ETSI re-engineering process of 1995, but had not yet been used. The German GSM network operators32 accepted the idea and proposed to SMG#24 in December 1997 that this idea would be a viable way forward and that it should be explored with all stakeholders worldwide33.
TC SMG charged the TC SMG leadership: “The delegation should try to find a solution in the framework of an ETSI Partnership Project, which would produce GSM and UMTS specifications also for ETSI... Ideally it should be aimed at one, and only one, joint working structure among the interested bodies, avoiding parallel work and overhead coordination. ... It is expected that the mission team will contact
- in the US: ANSI T1P1, T1, ATIS,
- in Japan: ARIB, TTC, DoCoMo, MPT,
- in Europe: ETSI, European Commission,
- GSM MoU Association, and
- UMTS Forum.34”
The mission started with talks with the ETSI Board Chairman and Director General and then with all parties mentioned. The idea found a high acceptance in the US, Japan, at the European Commission, in the GSM MoU Association and in the UMTS Forum in February 199835.
2.5.3 The Debate in ETSI
Regarding the ETSI strategy and policy for the standardization of a Third Generation mobile system, there were quite differing opinions and fears expressed in the ETSI Board. Due to the fundamental importance the Board took the lead after the first phase described in 5.2 and installed the UMTS Globalization Group (UGG) under the Chairmanship of Karl Heinz Rosenbrock, the ETSI Director-General. TC SMG was represented by Friedhelm Hillebrand, the TC SMG Chairman, and Gunnar Sandegren, the TC SMG Vice-Chairman.
Some UGG members feared a major loss for ETSI, if the GSM/UMTS work would be transferred into an ETSI Partnership Project. They wanted to bring the non-European partners into ETSI as associate members. Other UGG members announced plans to standardize a “real UMTS” as an evolution of fixed networks and an implementation of fixed-mobile convergence. They wanted to keep all GSM/UMTS work in ETSI.
Due to the strong polarization in UGG and the ETSI Board, a decision of an extraordinary ETSI General Assembly in September 1998 was needed. The Chairman of the GA proposed votes on three core issues. The GA endorsed that a Third Generation Partnership Project (3GPP) should be created, in principle. It was also endorsed that 3GPP should contain all work on UTRA. But the proposal to include the work on the GSM core network evolution did not find the necessary majority of 71 %.
Then the Chairman of the General Assembly asked the TC SMG Chairman to negotiate a compromise in a group of about twenty interested persons. The following compromise package was presented to the General Assembly:
- To create 3GPP as a partnership of standards developing organizations with industrial organizations to develop specifications for an initial phase of a complete third generation system based on UTRAN and the evolved GSM core network.
- To create an ETSI Project UMTS for all UMTS activities stemming from an evolution of the fixed networks and fixed-mobile convergence.
- To keep in ETSI all GSM work related to the evolution of the second generation system.
This compromise package was endorsed by the ETSI General Assembly. It removed the blockade in ETSI and allowed the members interested in fixed network evolution and the GSM based community to implement their projects. It paved the way to the 3GPP agreement which was negotiated by UGG under the leadership of Karl Heinz Rosenbrock and signed in December 1998.
2.5.4 3GPP comes to life
The first technical meeting of 3GPP in December 1998 attracted 350 delegates and the level of participants and contributions remained high. The technical specifications for UMTS Release 99 were completed in December 1999.
ETSI Project UMTS attracted 30 to 50 delegates. It did not develop the momentum to produce specifications and was closed in 2000.
In autumn 1999, ANSI T1P1 and TIA with UWCC proposed to transfer the remaining GSM work (mainly EDGE, SIM and mobile station testing) to 3GPP in order to ensure the cohesion between GSM and UMTS. The ETSI Board endorsed this proposal in principle and the negotiations between the 3GPP Partners led to an acceptance in May 2000. Hence the remaining GSM activities were transferred to 3GPP in mid 2000 and ETSI TC SMG was closed. A new Technical Committee Mobile Standards Group (MSG) was created for European regulatory standards.
ETSI and its members became the main sponsors for 3GPP. This holds still today.
Developments in other Parts of the World
While GSM started as completely new second generation digital network in new radio spectrum, the manufacturers and operators of analogue AMPS networks chose to evolve their existing networks by digital technology to the second generation. The prime driver was the need of capacity in existing AMPS networks in existing radio spectrum. Two approaches were standardized and implemented:
• ANSI54 Digital AMPS (D-AMPS) used a TDMA solution with three TDMA channels in a 30 kHz radio channel, and
• ANSI95 Code Division Multiple Access (CDMA) used a 1.25 MHz radio channel to implement a CDMA solution.
The community supporting ANSI54 chose an advanced TDMA solution using a 200 kHz radio channel for their evolution to Third Generation. They created the Universal Wireless Communication Consortium (UWCC) to agree on the requirements. The technical solution was jointly developed with the GSM community as EDGE in the late 1990s (see 2.3.4.8). This standardization work was transferred to 3GPP in 2000.
The community supporting ANSI95 chose an advanced CDMA solution using a 5 MHz band as their Third Generation solution. They created 3GPP2 to develop the standard for it.
Both solutions were recognized by the ITU as IMT2000 family members.
3 The Organization of the Third Generation Partnership Project (3GPP) from 1998 to 2012 (Karl Heinz Rosenbrock)
During their meeting in Copenhagen from 2 to 4 December 1998 the five founding Standard Developing Organizations (SDOs), ARIB, ETSI, T1, TTA and TTC, agreed on the creation of 3GPP with the Partnership Project Description as given in the following.
The founding SDOs and other related bodies have agreed to co-operate for the production of a complete set of globally applicable Technical Specifications for a 3rd Generation Mobile System based on the evolved GSM core networks and the radio access technologies supported by 3GPP partners (i.e., UTRA both FDD and TDD modes).
The project is entitled the “Third Generation Partnership Project” and is known by the acronym “3GPP”.
3GPP is not a legal entity. It has been established for the preparation and maintenance of the above mentioned Technical Specifications.
3GPP provides globally applicable Technical Specifications for a 3rd Generation Mobile System based on the evolved GSM core network, and the Universal Terrestrial Radio Access (UTRA), to be transposed by relevant SDOs (called: Organizational Partners) into appropriate deliverables, e.g. standards.
3.1 Scope and Objectives of 3GPP
The Technical Specifications will be developed in view of global roaming and circulation of terminals. The 3rd Generation Mobile System and its capabilities will be developed in a phased approach. Initially, 3GPP will elaborate, approve and maintain the necessary set of Technical Specifications for the first phase of a 3rd Generation Mobile System including:
• UTRAN [including UTRA; W-CDMA in Frequency Division Duplex (FDD) mode and TD-CDMA in Time Division Duplex (TDD) mode],
• 3GPP Core Network (Third Generation networking capabilities evolved from GSM. These capabilities include mobility management and global roaming),
• Terminals for access to the above (including specifications for a UIM), and
• System and service aspects.
The set of globally applicable specifications for the first phase of the 3GPP core network and the specifications for the GSM core network should be common to the largest extent possible and should not be needlessly different.
The results of the 3GPP work will form the basis of member contributions to the International Telecommunications Union (ITU) in accordance with existing procedures.
3GPP will take account of emerging ITU recommendations on interworking between IMT2000 family members.
In the framework of agreed relationships, 3GPP will elaborate Technical Specifications that will form the basis of standards, or parts of standards, of the Organizational Partners.
3.2 Characteristics of 3GPP
3GPP is characterized by the following attributes:
• Minimum production time for Technical Specifications from conception to approval,
• Fast, electronic based approval process,
• Maximum use of modern (electronic) working methods,
• Minimum number of hierarchical levels with decision making taking place at the lowest appropriate level,
• A Project Co-ordination function and a Technical Specification function,
• Task oriented, ensuring that on completion of the tasks the future of the project is re-evaluated, and
• Cost effective use of financial/human resources provided by Partner Organizations (if required).
3.3 Partnership and Membership
3GPP comprises of
• Organizational Partners,
• Market Representation Partners, and
• Individual Members.
3.3.1 Organizational Partners (OPs)
An Organizational Partner is a Standards Developing Organization (SDO) with a national, regional or other officially recognized status (in their country or region)36 that has the capability and authority to define, publish and set standards nationally or regionally and that has signed (or whose sponsor has signed) the Partnership Project Agreement.
Organizational Partners will meet as appropriate and make decisions by consensus.
From the beginning of 3GPP in December 1998, the Partnership Project consisted of the following five Organizational Partners:
• ARIB (Association of Radio Industries and Businesses) from Japan,
• ETSI (European Telecommunications Standards Institute) from Europe,
• ANSI (American National Standardization Institute), Committee T1 from the United States of America,
• TTA (Telecommunications Technology Association) from Korea, and
• TTC (Telecommunications Technology Committee) from Japan.
Already in May 1999, the 3GPP membership was enlarged by CWTS (China Wireless Telecommunications Standard group), the Organizational Partner from China, which became the CCSA (China Communications Standards Association) in April 1999. At the same time, the T1 Committee changed its name to ATIS (Alliance for Telecommunications Industry Solutions).
3.3.2 Market Representation Partners (MRPs)
Standardization should meet market needs. In order to identify market requirements, the high competence of Market Representation Partners should be used.
A Market Representation Partner is an organization invited to participate by the Organizational Partners to offer market advice to 3GPP and to bring into 3GPP a consensus view of market requirements (e.g. services, features and functionality) falling within the 3GPP scope.
Market Representation Partners do not contribute financially to the running of 3GPP.
A Market Representation Partner does not have the capability and authority to define, publish and set standards nationally or regionally. It has signed (or whose sponsor has signed) the Partnership Project Agreement, and has committed itself to the 3GPP scope.
From the start of the Partnership Project in 1998, the UMTS Forum joined 3GPP as Market Representation Partner, immediately followed by the GSA (Global mobile Suppliers Association) in February 1999, the GSM Association in May the same year, and UWCC (meanwhile closed) in October 1999.
The number of Market Representation Partners within 3GPP increased considerably in the run of the years as follows:
• From January 2000: IPv6 Forum,
• From November 2000: MWIF and 3G.IP (both meanwhile closed)
• From April 2002: 3G Americas (now: 4G Americas),
• From October 2005: TD SCDMA Forum (now: the TD Forum), and TDIA (TD Industry Alliance).
Later several additional organizations joined 3GPP as Market Representation Partners, but quite a few of them have been closed in the meantime.
3.3.3 Individual Members (IMs)
Membership in an SDO which is an Organizational Partner is a pre-requisite for Individual Membership in 3GPP. Individual Membership is open to legal entities committed to support 3GPP and to contribute technically or otherwise to one or more of the Technical Specifications Groups within the 3GPP scope, and finally use the 3GPP results to the extent feasible.
Individual Membership in 3GPP will be terminated by dissolution, abolition, resignation or expulsion from the related Organizational Partner.
All entities registered as member of an Organizational Partner and eligible for participation in the technical work of that Partner can become Individual Members of 3GPP. Individual Members act in the 3GPP in their own right: they carry the full responsibility for their contributions.
Furthermore, 3GPP can admit “Observers” to participate in meetings. Their participation rights will be decided on a case-by-case basis.
3.4 The Partnership Project Agreement
3GPP is described by the following three documents:
• The Partnership Project Agreement,
• The Partnership Project Description (basically this present paper), and
• The Partnership Project Working Procedures.
The Partnership Project Agreement is a concise legal document signed by participating Partners (or their sponsors). It contains the minimum legal text necessary for 3GPP to function correctly. The Partnership Project Agreement refers to the Partnership Project Description and the Partnership Project Working Procedures.
The Partnership Project Agreement includes obligations on Organizational Partners to commit themselves to the 3GPP scope:
• to encourage their members to contribute to the common set of Technical Specifications and to avoid duplication of work,
• to convert/transpose/adopt all relevant Technical Specifications resulting from 3GPP into their own relevant deliverables through their normal processes,
• to identify as early as possible, any national/regional regulatory requirements that may lead to options within the Technical Specifications, and
• to make their IPR Policy available for consideration.
The Partnership Project Agreement includes obligations on Market Representation Partners to identify market and service requirements of 3GPP and to contribute to the promotion of 3GPP, and the definition of 3GPP Systems and Service scenarios.
The Organizational Partners of 3GPP have joint ownership (including copyright) of the Technical Specifications developed by 3GPP.
3.5 The Structure of 3GPP
3GPP consists of a Project Co-ordination Group (PCG) and of Technical Specification Groups (TSGs). The TSGs may establish Working Groups, if required. Furthermore, there is an overall responsibility of the Organizational Partners who meet regularly within the Organizational Partners’ Group in order to oversee 3GPP.
3.5.1 Responsibilities of Partners
The Organizational Partners shall determine the general policy and strategy of 3GPP. In addition, they shall perform the following tasks:
• Approval and maintenance of the 3GPP scope,
• Maintenance of the Partnership Project Description and the Partnership Working Procedures,
• Taking decisions on the creation or cessation of Technical Specification Groups, and approving their scope and terms of reference,
• Approval of Organizational Partner funding requirements,
• Allocation of human and financial resources provided by the Organizational Partners to the PCG, and
• Acting as a body of appeal on procedural matters referred to them.
Organizational Partners and Market Representation Partners shall – together with their collective responsibilities – perform the following tasks:
• Maintenance of the Partnership Agreement,
• Approval of applications for 3GPP partnership, and
• Taking decisions relating to the dissolution of 3GPP.
3.5.2 The Project Co-ordination Group (PCG)
The PCG performs the following tasks:
• appointment of PCG Chair and Vice-Chairs,
• allocation of human and financial resources provided by MRPs and Individual Members,
• management of the 3GPP Support Team,
• handling of appeals from IMs on procedural and technical matters referred to them,
• determination of the overall time frame and manage overall work progress,
• final adoption of new and stopped work items proposed by the TSGs within the agreed 3GPP scope and objectives,
• appointment or dismissal of TSG Chairs and Vice-Chairs, as proposed by the TSGs, and
• maintenance of the register of Individual Members eligible to participate in 3GPP, and of the IPR declarations relevant to 3GPP, received by the Organizational Partners.
The following people have the right to participate in PCG meetings:
• three representatives of each Organizational Partner,
• three representatives of each Market Representation Partner, and
• the Chairs and Vice-Chairs of the TSGs as ex-officio members.
PCG meetings shall be held at least twice per year. In any PCG meeting, the quorum required for decision making shall be 50% of the total number of Organizational Partners. Proxies shall not be permitted.
The PCG shall endeavor to reach consensus on all issues. The views and opinions of the Market Representation Partners and the Chairs and Vice-Chairs of the TSGs shall be taken into account during the consensus building process. If consensus cannot be achieved, the Chair can decide to take a vote. The vote may exceptionally be performed by a secret ballot if decided by the PCG. Each Organizational Partner shall have one vote. A proposal shall be deemed to be approved if 71 % of the votes cast are in favor. Abstentions or failure to submit a vote shall not be included in determining the number of votes cast.
3.5.3 The Technical Specification Groups (TSGs)
The TSGs shall prepare, approve and maintain the 3GPP Technical Specifications and Technical Reports. They shall also perform the following tasks:
• Election of TSG Chairs and Vice-chairs,
• Creation of TSG Working Groups and approval of their terms of reference,
• When a new Working Group is created, the appointment of the TSG Working Group Convener,
• Allocation of resources within the TSG,
• Allocation of voluntary human and financial resources provided by Market Representation Partners and Individual Members,
• Handling of appeals from Individual Members on technical matters,
• Preparation of a detailed time frame and management of detailed work progress,
• Management of work items,
• Technical co-ordination,
• Proposal and approval of work items within the agreed scope and terms of reference of the TSG,
• Assignment of work to Partners (specification development may be accomplished using various methods, including the assignment of work to Partners), and
• Maintenance of the list of Individual Members eligible to vote within the TSG (Voting Members).
Individual Members, representatives of Organizational Partners and of Market Representation Partners have the right to participate in TSG meetings.
As in PCG meetings, TSGs and Working Groups shall endeavor to reach consensus on all issues, including decisions on Technical Specifications and Technical Reports. If consensus cannot be achieved, the Chair can decide to take a vote. The vote may exceptionally be performed by a secret ballot if decided by the TSG or Working Group. A vote may be conducted during a TSG or Working Group meeting or by correspondence.
The following principles will be applied for voting within the TSGs:
• One “Individual company Member” - one vote,
• Organizational Partners to interpret “Individual company Member” according to its own rules of membership,
• The PCG will maintain a register of eligible voters for the TSGs, and
• Each Individual Member may carry the proxy for up to five other Individual Members.
Voting is not permitted on national/regional regulatory requirements.
The 3GPP Work Program shall consist of Work Items (specification tasks) defined by the TSGs and adopted by PCG – unless a substantial objection is received from an Individual Member or Organizational Partner in due time.
In the following the work areas covered by the Technical Specification Groups will be addressed. Originally, four TSGs (RAN, CN, T, and SA) were established.
In July 2000, after much discussion the scope of 3GPP was modified to include the maintenance and the development of GSM evolved radio access technologies, such as GPRS (General Packet Radio Service) and EDGE (Enhanced Data rate for Global Evolution). This led to the creation of another TSG, the TSG GERAN (GSM EDGE Radio Access Networks). Thus the number of TSGs within 3GPP reached five.
In October 2004, the PCG decided to merge TSG CN and TSG T in order to create a new TSG CT (Core networks and Terminals). This was done for cost and efficiency reasons. This brought the number of TSGs in 3GPP again back to four that exist today.
In December 2007, the scope of 3GPP was again changed; but this time to allow the project to work on evolved 3rd Generation Mobile systems and beyond. This effectively permitted 3GPP to work on what is today known as 4G. There were no structural changes as a result of this decision.
In April 2013, the partners decided to launch an activity to look at the future of TSG GERAN. We still have to wait and see what will happen next ...
The current TSG organization is as follows:
TSG GERAN GSM EDGE Radio Access Network | TSG RAN Radio Access Network | TSG SA Services and Systems Aspects | TSG CT Core Network and Terminals |
GERAN WG1 – Radio Aspects | RAN WG1 – Radio Layer 1 specification | SA WG1 – Services | CT WG1 – MM/CC/SM (Iu) |
GERAN WG2 – Protocol Aspects | RAN WG2 – Radio Layer 2 specification, Radio Layer 3 RR specification | SA WG2 – Architecture | CT WG3 – Interworking with external networks |
GERAN WG3 – Terminal Testing | RAN WG3 – Iub/Iur/Iu specification, UTRAN O&M requirements | SA WG3 – Security | CT WG4 – MAP/GTP/BCH/SS |
RAN WG4 – Radio Performance Protocol Aspects | SA WG4 – Codecs | CT WG6 – Smart Card Application Aspects | |
RAN WG5 – Mobile Terminal Conformance Testing | SA WG5 – Telecom Management |
Figure 3-1: Current Organization of the Technical Specification Groups
3.6 Miscellaneous
3.6.1 Working Language for 3GPP
The working language for 3GPP is English; i.e. the meetings of the Organizational Partners, PCG and TSGs shall be conducted in English. The 3GPP deliverables shall also be prepared in English.
3.6.2 Relationship with other Groups
3GPP will establish and maintain good relationships with groups working on standards for other IMT-2000 members.
3.6.3 Intellectual Property Rights (IPRs) principles
The Individual Members of 3GPP are bound by the IPR Policies of their respective Organizational Partner.
Individual Members are encouraged to declare at the earliest opportunity, any IPRs which they may have and believe to be essential, or potentially essential, to any work ongoing within 3GPP.
After comparing their respective IPR policies, ARIB, ETSI, T1, TTA and TTC have agreed that their IPR policies share common principles and are quite similar and they have agreed on the following additional principles to maximize the success of 3GPP:
i) To encourage their respective members’ declaration of willingness to grant licenses on fair, reasonable terms and conditions on a non-discriminatory basis, and consistent with the respective Organizational Partner’s IPR policies.
ii) To encourage their respective members who may have IPR which they believe to be essential, or potentially essential, and are willing to license such IPR, that early indication of such unwillingness be provided to their respective Organizational Partner.
iii) To understand that essential IPRs mean essential IPRs relative to any or parts of the content of the 3GPP technical specifications.
iv) A mechanism for exchanging information associated with the patent statement among the Organizational Partners will be introduced so that such information may be used when adopting relevant standards in each Partner Organization.
3.6.4 Resource Requirements for 3GPP
At the start of 3GPP in 1998, ETSI absorbed the initial cost of establishing the 3GPP. Afterwards, the costs have been shared by the Organizational Partners. There are no direct 3GPP membership fees for Individual Members.
A Support Team has been established within the ETSI premises, the Mobile Competence Centre (MCC). Their funding is being performed by contributions from the Organizational Partners and Individual Members by financial means or in mankind.
For the hosting of meetings the Organizational Partners (with support by Market Representation Partners) of the regions are responsible.
4 The Technical Work of 3GPP: Completion and Evolution of 3G and the Creation of 4G from 1999 to 2012 (Hans Hauser)
4.1 Performance of the Radio Interfaces, 3GPP Releases Overview
Peak data rates and peak spectrum efficiencies of GSM and 3GPP radio interfaces:
EDGE | UTRA | HSPA | HSPA+ | LTE (Release 8) | LTE-Advanced | IMT-Advanced | ||
Peak data rate | DL | 384 kbps | 2 Mbps | 14.4 Mbps | 84 Mbps | 300 Mbps | 1 Gbps | 1 Gbps |
UL | 60 kbps | 384 kbps | 5.7 Mbps | 22 Mbps | 75 Mbps | 500 Mbps | ||
Peak spectrum efficiency [b/s/Hz] | DL | 1.92 | 0.16 | 2.88 | 16.8 | 15 | 30 | 15 |
UL | 0.3 | 0.12 | 1.14 | 4.4 | 3.75 | 15 | 6.75 |
Figure 4-1: Performance of the Radio Interfaces
(DL= down-link, UL = up-link)
The specification work carried out by 3GPP and documented by the 3GPP releases can be grouped into four major phases:
Phase | Releases | Content |
Phase I | Releases 99 and 4 | basic UMTS (access and core network) |
Phase II | Releases 5, 6 and 7 | enhanced UMTS, significant packet communication improvements |
Phase III | Releases 8 and 9 | Long Term Evolution (LTE) radio interface and Evolved Packet Core (EPC) |
Phase IV | Releases 10 and beyond | LTE-Advanced |
Figure 4-2: Phases of 3GPP Specification Work
3GPP releases always consist of complete sets of specifications - this is a heritage from the GSM specification. Two main principles are characterizing a 3GPP release:
• a mobile system can be constructed based on the set of all specifications which comprise a given release,
• a release differs from the previous release by having added functionality introduced as a result of ongoing standardization work37.
Thus 3GPP features are frequently not just specified by one release but, with enhancements and increased functionality, over several releases.
4.2 Release 99, the first UMTS release
The goal of Release 99 work - started at the end of 1998 - was to create the technical specifications for the UMTS system consisting of
• the new 3G radio accesses (W-CDMA for paired FDD spectrum and TD-CDMA for unpaired TDD spectrum) forming the new UMTS Terrestrial Radio Access Network (UTRAN), and
• an evolved GSM/GPRS core network
with the clear intention to minimize the core network (CN) impact and to basically maintain the GSM/GPRS services. Given the ambitious plan to finalize a first set of specifications by the end of 1999 (it was eventually achieved by early 2000) this was, under the new environment of the 3GPP multi-SDO partnership project, a so far unparalleled undertaking, even when considering that fundamental UMTS groundwork had been carried out already by ETSI TC SMG.
As speech codec for narrowband telephony over UMTS the Release 98 GSM Adaptive Multi-Rate Narrow Band codec (NB-AMR) was selected, and its operation over both FDD and TDD channels including discontinuous transmission and variable rate handling was specified. (Until today, this codec is the only mandatory one in the entire 3GPP specification.)
The UMTS security architecture expanded the GSM security architecture to overcome weaknesses of GSM security: the UMTS Authentication and Key Agreement (UMTS AKA) provides for mutual authentication between the (U)SIM and the network, to prevent false base station attacks, and the cipher key length was increased from 64 (or effectively only 54 in the early years) to 128 bits. Similarly, GSM’s Subscriber Identity Module (SIM) concept with a unique subscriber identity and the subscription credentials was expanded for UMTS; while UMTS access with a GSM SIM was made possible a new smart card application for UMTS meeting the requirements of the UMTS security architecture was developed: the USIM. Both the SIM and the USIM are now applications on the physical smart card or Universal Integrated Circuit Card (UICC) while, in GSM speak, the SIM consisted of both the physical card itself and the subscription data. In addition, GSM’s SIM Application Toolkit (SAT) enabling a secure interface between SIM and terminal including appropriate terminal procedures was progressed to the USIM Application Toolkit (USAT), a key feature for mobile operators.
In the service area, the requirements for the Multimedia Message Service (MMS) extending mobile messaging to all kind of media types was produced; the corresponding architecture work, basically the introduction of an MMS relay/server, and the entire application protocol framework however was completed with Release 4. Later, the stage 3 responsibility for MMS was transferred to the Open Mobile Alliance (OMA).
After the closure of ETSI SMG the ongoing GSM/GPRS radio specific work was taken over by a newly formed 3GPP Technical Specification Group called GERAN (GSM/EDGE Radio Access Network). The focus of TSG GERAN work, apart from many UMTS interworking (such as handover between GSM and UMTS) and coexistence issues to be resolved, was on the further development of EDGE and on the Dual Transfer Mode (DTM) within GSM and GPRS:
• DTM: in order to avoid the need of terminals simultaneously operating on two frequencies as a result of separated circuit and packet domains co-existing GSM circuit and GPRS packet sessions under the control of the BSC became now possible,
• EDGE: by adding 8-PSK as modulation scheme data rates over GPRS could be roughly tripled, and for circuit-switched data a significant saving of time slots to transmit the same amount of data was achieved.
In summary, it is quite impressive what 3GPP, building on the solid foundations laid by ETSI TC SMG, has managed to achieve with its Release 99 in a relatively short timeframe.
4.3 Release 4, the Release 99 correction and first all-IP Release
Release 4 was substantially characterized by stabilization and, to some extent, completion work for the preceding “big” Release 99. One of the few new features with Release 4 was due to a Chinese request38 (by CWTS) for a low chiprate TDD option: while the Release 99 TDD using a chiprate of 3.84 Mcps assumes 5 MHz bandwidth a more narrow TDD version with a chiprate of 1.28 Mcps needs only a 1.6 MHz frequency band and thus fits into smaller chunks of spectrum than 5 MHz.
Release 4 marks the early beginnings of “all-IP” based networks as a GPRS evolution triggered by a multi-operator and multi-vendor request39. Although this work which eventually has led to the development of the IP Multimedia Subsystem (IMS) in close collaboration with the IETF took significantly more time than just one release period (and thus the basic IMS specification finally became part of Release 5) an important element of the Release 4 work was the introduction of “soft switching” by separating the user plane from the (CS) control plane. This was achieved by splitting an MSC into the Media Gateway (MGW) part and an “MSC server” or Media Gateway Controller (MGC) part, the idea behind being substantial gains for the efficiency of transport resources as these could now be remotely steered from a central location via the H.248 “Megaco” protocol in the MGW ↔ MSC server interface (aka Mc reference point). In essence, this commonly phrased Release 4 architecture or, in 3GPP terminology, Bearer Independent Core Network (BICN) is a kind of early forerunner for more recent developments in packet communication such as Network Virtualization and Software Defined Networks.
Some substantial effort on voice quality improvement was carried out by bypassing the transcoders in case of mobile-to-mobile calls with an identical voice codec at both ends. Tandem Free Operation (TFO) stops the transcoding from the GSM/UMTS speech codec to G.711 PCM samples and vice versa at the other end and transmits compressed speech as coded over the air interface. Transcoder Free Operation (TrFO) takes this approach further by elaborating on the fact that with BICN no PCM links are anymore in use but IP or ATM connections. Thus, inside a mobile network resource savings can be achieved with TrFO, and transcoding is shifted to edge MGWs connecting to other networks. A third element is Out of Band Transcoder Control (OoBTC) which provides TrFO related signalling before call setup, in contrast to TFO which takes place after call setup.
Finally, with Release 4 a first version of the transparent end-to-end PS mobile streaming application (3G PSS) was standardized: a basic set of multimedia codecs and scene descriptions, media transport protocols and streaming control protocols.
4.4 Release 5, the HSDPA Release
Release 5 is a real heavy weight under the 3GPP releases. It is characterized by a clear shift towards mobile broadband support.
Up to Release 4, ATM was only an available option in the transport layer for the various Iu interfaces between RAN and CN or inside RAN. With Release 5, IP based transport for these interfaces was introduced as an alternative.
Following some study work during Release 4, the High Speed Downlink Packet Access (HSDPA) was specified with Release 5. HSDPA brings a new time sharing channel type, the High Speed Downlink Shared Channel (HS-DSCH) transport channel for DL data rates up to 10 Mbps. Among the various technical options two techniques were selected:
• Adaptive Modulation and Coding schemes (AMS): 16QAM as alternative modulation scheme to be used at good radio conditions, and shifting the scheduling function from RNC to NodeB,
• Hybrid Automatic Retransmission Query (HARQ): an improved error correction technique combining ARQ retransmissions with Forward Error Correction avoiding retransmissions for minor data corruptions.
Again up to Release 4, RAN nodes always had just one connection to the CN, and with Iuflex multiple MSC and SGSN connectivity of an RNC became available – a useful feature for load sharing.
The second “big” Release 5 feature next to HSDPA is the IP Multimedia Subsystem (IMS). The main idea behind IMS is to provide a basic set of functions or applications comprising multiple media components such as video or audio or others within an IP based session which can be handled as individual media flows characterized by different Quality of Service requirements. In that sense, IMS is a prerequisite for IP based applications which can be used to constitute services. However, in general these services are not intended to be standardized by the IMS; an exception to this being the Release 7 Multimedia Telephony feature. Instead, the IMS architecture is providing the SIP40 based handling of signalling and user traffic flows related to IP applications. This took place in close cooperation with the Internet Engineering Taskforce (IETF) – an undertaking which, due to the very different specification methods and approval processes of 3GPP and IETF, turned out to be quite cumbersome, and a permanent coordination regime for the IETF draft RFC41 development and the corresponding 3GPP IMS specification had to be established. As an example, a core IMS specification such as 3GPP TS 24.229, the main IMS stage 3 specification, is quoting more than 160 IETF RFCs or draft RFCs which, to some significant extent, have been jointly produced in the context of IMS specification.
As a kind of supplement to the IMS specification End-to-end Quality of Service (QoS) for GPRS was progressed (there has been some initial work at Release 4 already). For end-to-end QoS between the GGSN representing an external bearer service and the terminal appropriate translation, mapping and control functions over the entire GPRS chain are defined. Some basic concepts such as the Policy Decision Function (PDF) for co-ordinating application layer requirements and the resource management for the IP layer or the Binding Mechanism between the PDP context and the related IP flows for local policy enforcement were specified, however the Quality of Service topic was picked up again in the Release 7 timeframe with the specification work on Policy and Charging Control (PCC).
Finally, with Release 5 the AMR wideband codec (AMR-WB) which extends the audio bandwidth from 3.4 kHz to 7 kHz was introduced, resulting in a significant voice quality improvement. The AMR-WB codec consists of nine modes with bit rates ranging from 6.6 kbit/s to 23.85 kbit/s, and the modes with smaller bandwidth can be used in GSM/EDGE networks as well. In order to reduce complexity predefined multi-rate sets of AMR-WB modes are used for voice channels, the only mandatory multi-rate configuration being 6.6 kbit/s, 8.85 kbit/s, and 12.65 kbit/s. The AMR-WB codec was adopted by the ITU as G.722.2.
4.5 Release 6, the HSDPA stabilization release
As before with Releases 99 and 4 the Release 6 served as a major stabilization and correction phase to the Release 5 - in fact, with more than 2 years Release 6 was the longest work phase for a release so far.
To overcome the constraints of the SMS Cell Broadcast Service such as maximum 15 pages à 93 characters per CB message or the non-standardized Cell Broadcast Center ↔ BSC protocol a general mechanism to both broadcasting and multicasting information over the packet domain was specified: the Multimedia Broadcast and Multicast Service (MBMS) which consists of the MBMS bearer service (supporting a broadcast mode and a multicast mode) and the MBMS user service. The IP flows are distributed via IP multicast addressing enabling shared transmission resources in the entire network. For the downlink some network logic decides on whether to use dedicated (unicast) or shared (broadcast) radio channels. Three MBMS service categories have been specified: streaming (for real-time applications), file downloading and carousel services. In the UTRAN case, MBMS supports up to 256 kbit/s per MBMS bearer service. Finally, a new CN node was specified: the Broadcast-Multicast Service Center (BM-SC) connected to a GGSN. In total, specifying MBMS was a relatively complex undertaking involving many areas of a mobile network, and only the radio layer 1 stayed almost unmodified. Nevertheless, although the overall uptake of MBMS so far was quite limited the potential MBMS competitors such as CMB, DVB-H, DVB-T, DVB-SH, DMB, ESM-DAB or MediaFLO42 broadcasting technologies are altogether suffering from a common problem: their roll-out is even more costly than MBMS since they require own broadcast spectrum and infrastructure.
WLAN-UMTS Interworking (I-WLAN) is addressing the issue of WLAN access as a kind of alternative Radio Access Technique (RAT) for 3GPP systems. Staged levels of interworking are considered; the two interworking scenarios of probably most interest are/p>
• the “outsourcing” of WLAN authentication to a 3GPP AAA server43, and
• WLAN access connected to a 3GPP CN via an appropriate Access Gateway.
The growing number of mobile network mergers and acquisitions as well as the general need to save costs has triggered the study and specification of Network sharing. While regulatory bodies typically denied any network sharing in the early licenses they are more and more inclined to grant some levels at least. The Release 6 work on network sharing considers two cases:
• the Gateway Core Network (GWCN) configuration: the RNCs as well as some CN nodes such as MSCs and SGSNs are shared, and
• the Multi-Operator Core Network (MOCN) configuration: multiple CN nodes are connected to the same RNC, and the CN nodes are operated by different operators.
Such configurations imply some additional logic in the shared CN nodes and careful implementation of network identities to be broadcast.
On the radio side, HSDPA was supplemented by the High Speed Uplink Packet Access (HSUPA) or Enhanced FDD Uplink thus together constituting the High Speed Packet Access (HSPA). In principle, HSUPA which adds an uplink enhanced dedicated channel (E-DCH) makes use of the same techniques as used for HSDPA: faster link adaptation and HARQ with incremental redundancy.
An early way of 3GPP ↔ WLAN interworking was specified by TSG GERAN: the Generic Access to the A/Gb interface aka Generic Access Network (GAN) which allows terminals supporting alternative (to 3GPP) accesses, typically WLAN but also DSL or cable access, to obtain services provided by the CN over these accesses through a generic IP based broadband connection to a GAN Controller which in turn interfaces with the CN over A/Gb. (It is interesting to note that the GAN work was carried out without any stage 1 documentation, in other words: the work was started with a very clear architecture view from the very beginning.) Also, PS handover for the A/Gb mode for GPRS/EDGE was specified by GERAN.
The work on high quality audio codecs for PSS and MMS was characterized by strong competition between two codec candidates, an Enhanced AMR-WB (or AMR-WB+) codec and the Enhanced aacPlus codec. Since it became clear that both codecs do have some strengths and weaknesses in various respects both were finally approved as optional codecs despite some attempts to go for a mandatory codec. Similarly, H.264 (AVC) was approved as optional (“recommended”) video codec. Since then there were no further attempts for making a codec mandatory.
Single Antenna Interference Cancellation (SAIC) for GMSK and 8-PSK modulations was the result of a study on the behaviour of several critical radio parameters via comprehensive system simulations and how they can be improved by signal processing means. SAIC is a terminal only feature; no network side modifications are required. Over the years, SAIC has significantly contributed to voice quality improvement.
The Generic Bootstrapping Architecture (GBA) expands the use of the GSM/UMTS authentication for application security to third parties. A bootstrapping function in the network provides a shared secret between a (network external) service provider and the UICC via the well-known Authentication and Key Agreement (AKA) protocol. The key material generated by this procedure is session based.
Finally, bearer based Flow Based Charging for online as well as offline charging of IP flows was specified, thus offering much more fine-grained charging tools than APN or PDP context levels.
4.6 Release 7, the HSPA+ Release
Release 7 is best known as the one where HSPA+ was introduced: although work LTE was more and more time consuming a considerable stake of meeting time a general interest in a kind of rapid and (in relation to LTE) low-cost increase of HSPA network capacity was expressed and agreed, not to everybody’s happiness – there was some considerable concern that the LTE work could suffer from redirecting work forces to “tune” HSPA. The main techniques used for HSPA+ are
• higher modulation schemes, namely 64QAM in the DL and 16QAM in the UL,
• spatial multiplexing in the DL implemented as 2*2 Multiple Input Multiple Output (MIMO), i.e. with two Tx and two Rx antennas,
• Continuous Packet Connectivity (CPC): in essence, so far permanently transmitted UL control channels are no longer transmitted during UE inactivity.
The theoretical maximum transmission rate of 16QAM and MIMO is 28 Mbit/s whereas 64QAM and MIMO44 leads to 42 Mbit/s.
With Release 7, close cooperation with ETSI TC TISPAN (Telecoms and Internet converged Services and Protocols for Advanced Network) was established by 3GPP. TISPAN, following their adoption of IMS for the work on Next Generation Networks (NGN), had made considerable extensions to IMS for non-SIP applications. Also, ETSI TC TISPAN was instrumental in requesting the definition of a standardized Multimedia Telephony application (MMTel, sometimes also referred to as Multimedia Telephony Service for IMS, MTSI). Since further SDOs and fora such as 3GPP2, OMA, PacketCable and others started to consider IMS for their purposes as well there was some risk of multiple and possibly diverse specification work on IMS, and later it became necessary to task 3GPP with the definition and maintenance of a common IMS kernel applicable for any kind of network. It is clear that such goal of universal application framework was only possible by accepting a significant level of ever growing IMS complexity.
As an important refinement of Release 6 WLAN-3GPP interworking, Voice Call Continuity (VCC) between the CS domain and the WLAN interworking with IMS architecture under the aspect of necessary enhancements on the 3GPP side was specified. It brings the necessary enhancements to 3GPP systems so that real-time voice call can be offered seamlessly between the 3GPP CS Domain and the WLAN interworking with IMS architecture. Although triggered by the WLAN case the architectural design was deliberately kept independent from the underlying IP connectivity access, thus making the solution also available to e.g. fixed broadband. Taking further into account that VCC obviously impacts basic functionalities such as registration, network domain selection, origination, mid-call procedures and termination it was decided to place the control of domain switching in the IMS as well.
Earlier QoS and charging concepts such as the Release 5 End-to-end QoS for GPRS and the Release 6 Flow Based Charging were reconsidered and, in a way, merged into a comprehensive architecture for Policy and Charging Control (PCC) on service data flow level. PCC is a generic architecture applicable for all kind of IP Connectivity Access Networks (IP-CAN). Its key element is the Policy and Charging Rules Function (PCRF) which exercises the network control for flow detection, gating, QoS handling and flow based charging towards the Policy and Charging Enforcement Function (PCEF; aka Policy Enforcement Point, PEP). The PCRF collects application related information from the Application Function in need of dynamic policy or charging control or both; in case of IMS the P-CSCF takes the role of the application function towards PCC.
4.7 Release 8, the first LTE Release
With Release 8, the OFDMA45 based Long Term Evolution air interface (aka E-UTRA) and a new packet-only Core Network architecture called Evolved Packet Core (EPC) (aka System Architecture Evolution, SAE) were included into the 3GPP specification. It was the first time since the very beginnings of GSM that a complete network architecture was developed, in contrast to Release 99 which “only” had to develop a new air interface and to accommodate it to an existing core network. In addition, there was some (justified or not, who knows?) concern that with the growing interest in the IEEE 802.16 WiMAX46 specification (and especially Mobile WiMAX (IEEE 802.16e/m) and Mobile Broadband Wireless Access (MBWA, IEEE 802.20)) 3GPP could lose its reputation as the worldwide center of mobile excellence. (Later, there were some attempts to familiarize the idea of “merging” LTE and WiMAX47 which however didn’t materialize.)
LTE is specified for both paired and unpaired frequency spectra. Similar to the 3G development years ago, the main focus was initially on the FDD specification, with OFDMA on the DL and SC-FDMA on the UL. Mainly by China LTE TDD aka TD-LTE was progressed.
The center piece of the “classical” GSM/3GPP packet core architecture is the GPRS Tunnelling Protocol (GTP) between SGSN interfacing the RAN and the GGSN interfacing the external networks. GTP was developed by ETSI SMG and later 3GPP for the specific needs of mobile networks, and the huge success of 3GPP based mobile broadband networks has demonstrated the power of GTP, despite its relatively “heavy” design (causing for instance some work on Direct Tunnelling between the GGSN and the RNC). The request for a more flat architecture and the overall intention to support non-3GPP accesses as well were put forward by quite some parties whereas most incumbent 3GPP mobile operators showed a clear preference for a GTP based approach. Eventually, two protocol variants for the SAE were agreed, an “orthodox” one re-using GTP and an IETF based employing their Proxy MIP48 (PMIP) protocol. Less difficult to decide for an “all-IP” network was to base the mobility management as well as policy and charging control on a native IETF protocol, DIAMETER. The goal of a maximum flattened system architecture was achieved by merging (most of) the 3G RNC functionality into one single RAN entity, the eNodeB. The bearer path runs directly from the eNodeB to the Serving Gateway (S-GW) which also serves as mobility anchor, and the Mobility Management Entity (MME) is the central network control node. Thus the intended full separation of user and signalling planes was achieved. Connectivity to other networks is provided by the PDN Gateway.
Since there is no circuit switched domain in LTE/EPC, voice (if at all) has to be provided by packet switching. As a kind of interim solution Circuit Switched Fallback (CSFB) temporarily redirecting the terminal to the CS domain of 3G or 2G was developed. For packet-based voice a system integrated IMS-based MMTel application may be used (and was in fact specified in a quite cumbersome process spanning over Releases 8 to 10), but of course any VoIP solution over an IP network is also applicable while abstaining from “comfort” functions such as PCC based QoS control or real-time handover inside LTE or to (and from) UMTS or GSM. The latter issue was again a long debated issue: to avoid the need of simultaneously terminals receiving or transmitting on more than one access network a Single Radio Voice Call Continuity (SRVCC) solution was developed.
For deployments as small UTRA or LTE cells in domestic or SME environments the concept of Home NodeBs and Home eNodeBs (aka femtocells) interconnecting to the CN over a fixed broadband connection was specified, placing some additional requirements on security, charging and especially access restrictions, the latter one handled by the Closed Subscriber Group (CSG) approach.
With dual cell HSDPA a first step towards carrier aggregation was made.
Several functions with regulatory background were progressed:
• eCall: for the EU initiative to bring rapid assistance in case of car accidents an expansion of the EU wide 112 emergency call was specified. A vehicle mounted eCall unit, when triggered either manually or by appropriate car sensors, will autonomously set up an emergency call to a PSAP and transmit relevant data such as the exact position, number of passengers etc. inband over that voice channel,
• Earthquake and Tsunami Warning System Requirements and Solutions (ETWS),
• Paging Permission with Access Control Requirements (PPACR): to overcome the issue of access class based restriction allowing only communication among subscribers of the same and higher access classes.
An interesting OA&M feature was started with Release 8: Self-organizing networks (SON) aiming to substantially reduce the level of human intervention to network operation. The Release 8 specification is dealing with two areas:
• Self-Establishment of eNBs, allowing e.g. for an automated download of SW, radio and transport configuration data, self-tests of just switched-on eNodeBs,
• Automatic Neighbour Relations (ANR) List Management automating neighbour relationship discovery for GSM, UMTS and LTE cells.
4.8 Release 9, the LTE/EPC stabilization Release
Again, the Release 8 work needed a substantial stabilization and correction phase. In addition, the growing global acceptance of LTE created the need to specify LTE support in more frequency bands somewhere available or becoming available for mobile operations around the world than ever.
While the Release 8 ETWS was mainly carried out for Japan, new regulatory requirements, this time from the FCC, triggered the specification for a text-based Public Warning System (PWS) broadcasting warning for various severe situations such as hurricanes, tsunamis and flooding but also chemical spill, threat of explosion or biological/radiological hazard.
Similarly, regulatory requirements on emergency calls caused some considerable specification work not just on IMS based voice but also for handover cases between LTE and UMTS/GSM or between LTE and CDMA2000 1x. Also, emergency sessions in the GPRS/EDGE and LTE were specified as well as the handover of IMS emergency calls between 3GPP and non-3GPP accesses.
An interesting Release 9 feature demonstrating what can be still done at a relatively late point of time in a system’s lifetime was developed for GSM systems: Voice services over Adaptive Multi-user channels on One Slot (VAMOS). By building on the Single Antenna Interference Cancellation (SAIC, TS 45.005) feature which was specified with Release 6 and which has reached a high penetration49 since the GSM voice capacity can be increased significantly. This is achieved by employing AQPSK modulation combining two GMSK modulated calls on the transceiver side which can be “isolated” as GMSK modulated calls by the SAIC capable terminals. (In some sense, this brings a kind of CDMA flavour into GSM.) The network capacity can be further increased with additional functionality such as new Training Sequence Codes – this however requires HW changes; in contrast, AQPSK on the network side can be introduced via a simple SW update.
Another “late” GSM/GPRS feature is the specification of 128 bits key length.
In the RAN area, Release 8 dual-cell HSDPA was complemented with dual-cell HSUPA. The SON specification was expanded to
• Automatic Radio Network Configuration Data Preparation supporting the automated generation of radio-related parameters which cannot be provided by planning tools since the proper values depend on a new NodeB’s operational environment, and
• Self-Optimization Management which, on the basis of suitable Performance Measurement data and their analysis, may trigger optimization activities.
4.9 Release 10, the LTE-Advanced Release
Within Release 10, the work to evolved LTE to make it a candidate technology called LTE-Advanced for the ITU-R’s IMT-Advanced selection process was carried out. The peak data rates and the peak spectral efficiency requested for IMT-Advanced50 do imply some significant expansions of the original LTE specification:
• wider carriers than the (maximum) 20 MHz carriers of LTE: the LTE-Advanced specification allows for the aggregation of up to 5 component carriers (in UL and in DL each), thus, a maximum of 100 MHz bandwidth can be aggregated. Carrier aggregation comes along with multiple serving cells one of which takes the role of the primary component carrier providing the RRC connection,
• higher order MIMO (multiple input – multiple output antennae) schemes: while LTE makes use of a 2 * 2 MIMO configuration LTE-Advanced allows for 8 * 8 in the DL and 4 * 4 in the UL.
In addition, LTE-Advanced Relays as requested by IMT-Advanced were specified.
In the UTRA, further HSPA evolution was achieved with the aggregation of up to four HSDPA carriers. To cope with the ever growing data traffic in mobile networks ways of offloading traffic to “the Internet”, i.e. to a lower-cost alternative for broadband network connectivity were investigated. In the specific H(e)NB case, Local IP Access (LIPA) for UMTS/LTE devices to other IP capable devices all connected to the same home or enterprise IP network avoids the costly “tromboning” over WAN. Another way of offloading is given by Selected IP Traffic Offload (SIPTO) which routes, with operator consent, selected traffic to and from a packet gateway outside the EPC.
Mainly triggered by the work carried out in ETSI M2M the impacts of massive Machine Type Communications (MTC) over mobile networks were studied, and for various key issues identified network improvements with focus on radio and CN aspects have been developed, not however for the SIM related issues.
4.10 Release 11
For LTE-Advanced, Coordinated Multipoint (CoMP) to specifically the address inter-cell interference at cell edges was specified. The main idea behind CoMP is the coordination between geographically separated eNodeBs in terms of joint scheduling and transmissions and joint processing of the receive signals. By two or more eNodeBs serving a “distant” terminal signal reception and transmission as well as the overall throughput are significantly improved.
The 3GPP cooperation with the BroadBand Forum (BBF) under the headline of Fixed-Mobile Convergence intends to progress the Interworking between Next Generation Fixed and 3GPP Wireless Networks51 as well as the Broadband Policy Control Framework52 and PCC with the ultimate goal of Converged Policy Management and Charging for scenarios with traffic routed to the EPC and offloaded at the BBF access network for operators providing both 3GPP and BBF accesses. The Release 11 work is specifically dealing with H(e)NB and WLAN configurations.
The Release 8 Single Radio Voice Call Continuity (SRVCC) solution was enhanced by adding the reverse direction UTRAN/GERAN → E-UTRAN/HSPA; in addition, Single Radio Video Call Continuity for 3G CS video calls was specified.
HSPA carrier aggregation was expanded to 8 carrier HSDPA. For LTE, 18 inter-band and 3 intra-band carrier aggregation configurations for the LTE bands53 were specified.
The Release 6 specification for Multi-Operator Core Network (MOCN), a prerequisite for network mergers, assumed one common PLMN ID to be broadcast, the main reason being the terminals which, at that time, could only read one PLMN ID on the BCCH. GSM 900 MHz refarming to LTE is quite naturally another strong incentive for MOCN configurations, however, in order to separate the different radio networks, up to five PLMN IDs effectively connected to one CN can now be broadcast to and selected by the terminals; this Release 11 feature is known as Full Support of Multi-Operator Core Network.
4.11 Release 12
At the time of writing this Release 12 is work in progress. Three work areas are briefly sketched:
Frequently, the HTML5 based Web Realtime Communication (WebRTC) implementations for direct interactive browser-to-browser communication are not interoperable due to non-standardized plugins and extensions (as opposed to W3C’s “pluginless” WebRTC design goal). It is currently investigated whether, by specifying IMS ↔ WebRTC interworking, IMS could take some sort of “mediation” role for audio and video calls and for data transfer directly between clients and whether the use of IMS credentials in this context could be beneficial.
A feasibility study on Proximity-based Services (ProSe) aka Direct LTE has led to the following use cases for UEs being in proximity:
• ProSe discovery, a UE’s identification of another UE in the proximity, either within network coverage under continuous network operator control or, for Public Safety only, even outside network coverage,
• ProSe communication, the communication between two UEs in proximity by means of a communication path established between these UEs, again either within network coverage under continuous network operator control or, for Public Safety only, outside network coverage.
• EPC support of ProSe communication over WLAN - direct control of the WLAN link is however outside the scope of 3GPP.
The current ProSe stage 1 work considers service requirements for continuous network operator control, presence, group communication, broadcast services and relay.
A new codec for Enhanced Voice Services (EVS) is currently specified; the main objectives are enhanced quality and coding efficiency for existing NB and WB speech services and for by the super-wideband (up to 14 kHz) speech, enhanced quality for mixed content and music in conversational applications and robustness for packet loss and jitter. As with previous codec developments, some of the EVS modes will either include some AMR-WB modes or will be at least bitstream interoperable with them.
4.12 Outlook
LTE-Advanced has been confirmed by the ITU-R to comply with their IMT-Advanced54 specification; cf. the ITU press release55 on Dec, 2010:
… A highlight […] has been the recent decision of the ITU regarding the platform for the next generations of mobile broadband telecommunications, known as IMT-Advanced. Following a detailed evaluation against stringent technical and operational criteria, ITU has determined that “LTE-Advanced” and “WirelessMAN-Advanced” should be accorded the official designation of IMT-Advanced. As the most advanced technologies currently defined for global wireless mobile broadband communications, IMT-Advanced is considered as “4G”, although it is recognized that this term, while undefined, may also be applied to the forerunners of these technologies, LTE and WiMax, and to other evolved 3G technologies providing a substantial level of improvement in performance and capabilities with respect to the initial third generation systems now deployed. …
There are numerous research projects dealing with “beyond LTE-Advanced” issues (and frequently already dubbed “5G”56) which may or may not be picked up by future 3GPP RAN study items. Many studies try to achieve significantly higher peak data rates than LTE-Advanced, i.e. more than 1 Gbit/s, by massive MIMO approaches with fairly huge antenna arrays. While first results sound indeed impressive there are substantial doubts of ever materializing massive MIMO based concepts in reality.
METIS57 aka Mobile and Wireless Communications Enablers for Twenty-twenty (2020) Information Society is an EU Framework 7 research and development project dealing with the beyond LTE-A topic. It runs from November 2011 until April 2015. The operator and manufacturer members of the METIS project consortium are altogether active members of 3GPP. Its goals are “to lay the foundation and ensure a global forum and build an early global consensus for beyond 2020 ‘5G’mobile and wireless communications” by providing a system concept that supports (in comparison to LTE-Advanced)
• 1000 times higher mobile data volume per area,
• 10 to 100 times higher number of connected devices,
• 10 to 100 times higher typical user data rate,
• 10 times longer battery life for low power [machine-to-machine communication],
• 5 times reduced end-to-end latency.
Expressions such as LTE-B58 or LTE-C, even LTE-X are more and more used in public presentations considering beyond LTE-Advanced or 5G.
4.13 Adoption of LTE by other Fora
The specification work carried out by 3GPP attracts more and more other SDOs and fora seeking cooperation, many of them having changed their mind from stand-alone to an LTE-based system:
• The DVB Project59 has shown interest in a converged standard for mobile broadcast based on their DVB-NGH (Next Generation Handheld) and eMBMS.
• The TETRA Association60 (meanwhile renamed to TETRA and Critical Communications Association, TCCA) is interested in 3GPP’s device-to-device study work in the context of researching mobile broadband services for Public Safety operators.
• The Association of Public Safety Communications Officials (APCO) Global Alliance has endorsed LTE as their technology of choice for public safety communications worldwide.
• The International Union of Railways (UIC) is likely to consider LTE as the basis for a post GSM-R system.
4.14 Chairmen of 3GPP
The following table in Figure 4-3 shows the Chairmen of TSG SA which is the “primus inter pares” body of all TSGs with an overall coordination role:
Term | Chairman | Vice Chair | Vice Chair | Vice Chair |
3/99 – 3/01 | Niels Peter Skov Andersen (Motorola) | Gary Jones (Omnipoint) | Armin Toepfer (Mannesmann Mobilfunk) | |
3/01 – 3/03 | Niels Peter Skov Andersen (Motorola) | Hiroshi Nakamura (NTT DoCoMo) | Gary Jones (VoiceStream) | |
3/03 – 3/05 | Niels Peter Skov Andersen (Motorola) | Hiroshi Nakamura (NTT DoCoMo) | Gary Jones (T-Mobile US) | |
3/05 – 3/07 | Stephen Hayes (Ericsson) | Yuhong Huang (China Mobile) | Armin Toepfer (Vodafone) | Nick Sampson (Orange) |
3/07 – 3/09 | Stephen Hayes (Ericsson) | Yuhong Huang (China Mobile) | Armin Toepfer (Vodafone) | Ki Young Kim (LG Electronics) |
3/09 – 3/11 | Stephen Hayes (Ericsson) | Ki Young Kim (LG Electronics) | Kevin Holley (Telefónica) | Akishige Noda (Fujitsu) |
3/11 – 3/13 | Balázs Bertényi (NSN) | Gary Jones (T-Mobile US) | Akishige Noda (Fujitsu) | Sungho Choi (Samsung) |
3/13 – 3/15 | Balázs Bertényi (NSN) | Gary Jones (T-Mobile US) | Daisuke Yokota (Softbank Mobile) | Christian Toche (Huawei) |
Figure 4-3: Chairmen of 3GPP TSG SA
5 Elaboration of Technical Specifications (Hans Hauser)
5.1 Contributions and Contributors
The GSM and UMTS standardization work was driven by contributions. A large number of persons have put great efforts into the work. An overview of main meetings, evolution of the standardization groups and a list of chairpersons is contained in the literature61.
5.2 Working Methods
The main goal of the standardization groups is the production of specifications, which ensure the proper functioning of a service in many countries: Every terminal must work in every network. Every SIM must function in every mobile. Every network must interwork with every other network. The international roaming of every terminal on every other network must be enabled. In order to enable this, a set of complete, comprehensive and consistent specifications with high quality is needed.
5.2.1 Structure of Specifications
Key methods are the three steps of a phased approach: development of specifications, validation and revisions based on operational experiences.
Originally, the GSM specifications were structured according to their content in 12 series, and despite some significant extensions over the years that scheme is in principle still applicable62:
Specification | GSM only (before Release 4) | GSM only (Release 4 and later) | 3G, LTE/LTE-A and EPC, GSM Release 99 and later |
General information | 00 series | - | - |
Requirements | 01 series | 41 series | 21 series |
Service aspects (“stage 1”) | 02 series | 42 series | 22 series |
Architecture and technical realization (“stage 2”) | 03 series | 43 series | 23 series |
Signalling protocols (“stage 3”) – User equipment to network | 04 series | 44 series | 24 series |
Radio aspects | 05 series | 45 series | 25 series |
Codecs | 06 series | 46 series | 26 series |
Data | 07 series | (no specs existing) | 27 series |
Signalling protocols (“stage 3”) – Radio subsystem to Core network, OAM&P and charging (overflow from 32 series) | 08 series | 48 series | 28 series |
Signalling protocols (“stage 3”) – intra-fixed networks | 09 series | 49 series | 29 series |
Program management | 10 series | 50 series | 30 series |
Subscriber Identity Module (SIM, USIM), IC cards, test specifications | 11 series | 51 series | 31 series |
Operations, Administration, Maintenance & Provisioning (OAM&P) and Charging | 12 series | 51 series | 32 series |
Access requirements and test specifications (for type approval) | 13 series | 13 series | - |
Security aspects | (contained in other series) | (contained in other series) | 33 series |
User Equipment and (U)SIM test specifications | 11 series | (contained in other series) | 34 series |
Security algorithms | (controlled by the GSMA) | 55 series | 35 series |
LTE (Evolved UTRA) and LTE-Advanced radio technology | - | - | 36 series |
Multiple radio access technology aspects | - | - | 37 series |
Figure 5-1: Structure of GSM/UMTS/LTE Specifications
In the work the approach of stages was used: stage 1 - service requirements, stage 2 - architecture and network functions, stage 3 - detailed interfaces and protocols.
5.2.2 Releases of Specifications
The GSM and 3GPP specifications passed through different versions. While following the two initial GSM releases annual releases were produced (and therefore, the year they were completed was used for release numbering) 3GPP, after its initial Release 99, decided to skip annual releases in favour of a release definition scheme by content. Thus the Release 00 was renamed to Release 4 since the frozen Release 99 version numbers were of format 3.x.y.
Specification version | Release date | Main features |
GSM Phase 1 | Q1/1992 | basic GSM features |
GSM Phase 2 | 1995 | SMS, EFR codec |
GSM Phase 2+ Release 96 | Q1/1997 | CS data (14.4 kbps) |
GSM phase 2+ Release 97 | Q1/1998 | GPRS |
GSM phase 2+ Release 98 | Q1/1999 | AMR-NB codec, EDGE, MExE |
3GPP Release 99 | Q1/2000 | UTRAN (W-CDMA and TD-CDMA) radio access, interworking with GSM/GPRS core network, AMR-NB for UMTS, MMS |
3GPP Release 4 | Q2/2001 | first steps towards ”all-IP” with BICC: MGW/MSC server split (“Rel4 architecture”), low chiprate TDD, TFO, TrFO |
3GPP Release 5 | Q2/2002 | IP Multimedia Sub-System (IMS), HSDPA, Iuflex, AMR-WB codec |
3GPP Release 6 | Q4/2004 | HSUPA, MBMS, GAN, I-WLAN, SAIC, GBA, flow based charging |
3GPP Release 7 | Q4/2007 | HSPA+, Common IMS, MMTel, VCC, PCC |
3GPP Release 8 | Q4/2008 | LTE, EPC (SAE), H(e)NB, dual-cell HSDPA, SON, CSFB, eCall |
3GPP Release 9 | Q4/2009 | VAMOS, dual-cell HSDPA with MIMO, dual-cell HSUPA |
3GPP Release 10 | Q1/2011 | LMT-Advanced, four carrier HSDPA, LIPA, SIPTO, network improvements for machine-type communication (MTC) |
3GPP Release 11 | Q3/2012 | BBF ↔ 3GPP interworking, CoMP |
3GPP Release 12 | provisionally Q2/2014 | direct LTE, EVS codec, IMS WebRTC |
Figure 5-2: Specification Releases
Typically, releases with major developments such as Release 99, Release 5 or Release 8 were succeeded by relatively “thin” releases giving more emphasis on stabilization, correction, sometimes even final completion of the preceding “major” releases than on the addition of new functionality. 3GPP provides in Fig. 5-3 an example63 for the typical time distribution of change requests.
Figure 5–3: Time distribution of Rel. 8 change
Since GSM is a living system it is important to be able to evolve it and that the changes can be traced. For this the Change Request procedure was agreed already in the 1980s. The purpose of a Change Request (CR) is the correction of an error, an inconsistency, a necessary clarification or the addition of a new feature. Typically, a considerable number of 3GPP plenary documents are CRs, and their maintenance is one of the main jobs of the support team (MCC).
As mentioned earlier each 3GPP release (in terms of specification version numbering) comprises a complete sets of specifications. As a consequence, none of today’s mobile networks is based on just one 3GPP release. In addition, the relative independence between the terminal and the network is a major design criterium in the specification process: while the support of many features is only optional in the networks it is frequently mandatory for the terminals, to enable roaming and free worldwide circulation of terminals. (This is one of the reasons for Change Requests to “old” releases in cases considered critical.) Also, network functionality in life networks is typically spread over several releases, and 3GPP has spent quite some efforts to investigate the compatibility between functional elements from different releases. Considerable consideration was given to e.g. Release Independent Features, however, the anticipated difficulties with mixed releases turned out to be much less critical in real life.
5.2.3 Work Item Management
A next element was the Work Item management. A work item allows the introduction of a new feature in the system. It ensures that all components needed for a feature in the system are planned and completed. In addition, there are feasibility studies (aka Study Items) typically describing the option space for a given technical issue or question (without however any normative specification). In frequent cases, a work item was preceded by a comprehensive study item.
5.3 Technical Support
Given the complexity of the systems specifications, already CEPT GSM created a full time working technical support team already in June 1986. It was called “Permanent Nucleus” (PN). When GSM became a part of ETSI in 1989 (“TC SMG”) the support function continued and was called PT12 and later in 1996 PT SMG. After the creation of 3GPP, PT SMG was transformed into the “Mobile Competence Center” (MCC). The functions were
• the provision of technical secretarial support to all working groups,
• project management, e.g. work item and study item management,
• document management and handling of specifications and change requests, incorporation of change requests into the specifications,
• quality insurance, consistency, completeness and compatibility of the specifications,
• specific tasks including specification work.
The managers of the technical support team were in sequence: Bernard Mallinder, Eike Haase, Dr. Ansgar Bergmann, Adrian Scrase and John M. Meredith.
5.4 Sponsoring
Finally, some kind of technical support is provided by voluntary sponsors at Friends of 3GPP organizations to share the costs of hosting 3GPP TSG and Working Group meetings. There are three organizations of that kind: the European Friends of 3GPP, the North American Friends of 3GPP and the Japanese Friends of 3GPP.
6 GSM/UMTS/LTE Market Success and Success Factors
6.1 Major Milestones in the Market Acceptance
1984 Agreement of France and Germany to introduce new mobile networks based on the standardized Pan-European digital system
1987 (7 September) GSM Memorandum of Understanding, an agreement to support the development of GSM and to implement it in 1991, signed by 14 operators from 13 European countries
1988 Autumn Ten GSM infrastructure contracts signed by network operators
1988 (October) Public presentation of the first set of GSM specifications at a conference in Hagen (Germany): 600 participants from Europe, USA and Japan
1990 (October) Promotion seminar for Eastern European network operators in Budapest
1991-1992 Search for a system name leads to "Global System for Mobile Communications"
1992 First commercial GSM networks come into service. First hand-portable terminals become available. International roaming becomes available
1993 1 million GSM users reached
1993 Australian operators are first non-European operators who decide to implement GSM
1993 (September) First DCS 1800 personal communication network opened in the UK
1994 (September) Promotion seminar for Indian authorities in New Delhi in August 94, for China in Beijing in September 94
1994 SMS and data capabilities launched in GSM networks.
1995 (autumn) 10 million GSM users in 100 GSM networks on air in 60 countries
1995 (November) First North American PCS 1900 (now GSM 1900) network opened
1998 (Mid) 100 million GSM users world-wide
2003 1 000 million GSM users world-wide
2009 400 million UMTS users
2012 5 798 millions GSM/UMTS/LTE (including 1171 millions UMTS and 69 millions LTE users)
6.2 Market Achievements
Immediately after the opening of the first networks in 1992, there has been a rapid market development of users of GSM networks and later also of UMTS and LTE networks (Figure 6-1).
Figure 6-1: GSM, UMTS and LTE connections (SIM + mobile) worldwide
(Source of data: Informa Telecoms & Media)
There were 5.8 billion connections (SIM + mobile) at the end of 2012. Assuming 1.85 SIM per user as determined by the GSM Association, 3.1 billion users are in existence, i.e. 45 % of the world population. In industrialized countries the penetration reaches up to 90 % of the population.
GSM took the lead in the world market for digital mobile users early. At the end of 1998 already 65 % of all digital mobile users worldwide preferred GSM64. This lead of GSM/UMTS was expanded to 89.7 % in mid 2010.
Mobile telephony has overtaken fixed telephony already in 2002. While fixed networks rested with about 1.2 billion users, mobile communication has multiplied to 5.375 billion users at the end of 2011. The number of Internet users has grown to 1.5 billion in 2008 (source ITU). This is much lower than the number of GSM/UMTS users. It is not difficult to predict that mobile Internet will be larger than the fixed Internet soon.
6.3 Success Factors for GSM/UMTS/LTE
GSM and UMTS standards were created by an intensive trustful cooperation by all stakeholders in a pre-competitive sphere. This co-operation created momentum in the work and enabled large markets.
The GSM/UMTS standard did not just cover the radio interface, but all areas of the system. The technical solutions were advanced in order to be future proof and fitted to the technical possibilities at the time of implementation. The technical specifications were available globally just in time when the market needed them.
The GSM/UMTS standardization process was driven by the competition of analogue interim systems, the UMTS standardization process by competing standards in the world market.
There was a strong competition in the market for manufacturers and network operators which enabled a rapid uptake of the market.
The success of SMS and GPRS was enabled by the fact that they both were part of the GSM/UMTS infrastructure and did not need a roll-out of own networks.
Selected Abbreviations
Abbreviation | Meaning |
3GPP | Third Generation Partnership Project |
ANSI | American National Standards Institute |
ARIB | Association of Radio Industry Businesses |
CEPT | Conférence des Administrations Européennes des Postes et Telecommunications |
CN | Core Network |
EDGE | Enhanced data rates for GPRS evolution |
EPC | Evolved Packet Core |
ETSI | European Telecommunications Standards Institute |
GPRS | General packet radio service |
GSM | (1) Groupe Spécial Mobile (2) Global System for Mobile Communication |
HSPA | High Speed Packet Access |
IETF | Internet Engineering Task Force |
IMS | IP Multimedia Subsystem |
IMT2000 | International Mobile Telecommunications 2000 |
ITU | International Telecommunications Union |
PCG | Project Coordination Group |
LTE | Long term evolution |
RAN | Radio Access Network |
RFC | Request for Comments (publication of the Internet Engineering Task Force (IETF)) |
SDO | Standards Developing Organization |
SMG | Special Mobile Group |
TC | Technical Committee |
TSG | Technical Specification Group |
TTC | Telecommunications Technology Committee |
UMTS | Universal Mobile Telecommunication System |
UTRA | UMTS Terrestrial Radio Access |
UTRAN | UMTS Terrestrial Radio Access Network |
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14 GSM 46/87 and 41/87
15 See detailed description in Reference [8]
16 GSM 31/88, 233/88
17 The original plan was to complete the GSM phase 1 specifications by the end of 1989; therefore, this release is often referred to as “Christmas release”.
18 GSM 160/91
19 E.g. a change of the BCCH coding in order to enable the coding of new functionalities
20 See SMG 234/93
21 Report to SMG in SMG 2/94
22 „Planning for Phase 2 +” (Overall policy for phase 2 + and a list of work items) in SMG Doc. 475/93 and 507/93, “Phase 2 + ‘Rules’” in SMG Doc. 517/93
23 SMG Doc. 507/93 and its successors
24 Research into Advanced Communications in Europe, a collaborative research project sponsored by the European Commission
25 According to UMTS Task Force Report, figure 7
26 GMM report Part A published as SMG Doc 194/96 and as GA26(96)7
27 Table from Hillebrand GSM/UMTS, page 195
28 SMG doc 682/96
29 SMG doc 290/97
30 OFDMA became later a part of the LTE radio interface
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46 WiMAX = Worldwide Interoperability for Microwave Access
47 cf. for instance http://www.heavyreading.com/document.asp?doc_id=145919
48 IETF RFC 5213
49 in March 2010, a European mobile operator estimated around 50 – 60% SAIC capable terminals in his network; cf. http://www.ericsson.com/article/vamos_1103876834_c
50 cf. the ITU-R Circular Letter 5/LCCE/2
51 BBF TR-203
52 BBF TR-134
53 cf. 3GPP TS 36.101, sect. 5.5. At the time of writing 29 FDD frequency bands and 12 TDD frequency bands for LTE between 699 MHz and 3590 MHz are considered.
54 http://www.itu.int/pub/r-rep-m.2134-2008/en
55 http://www.itu.int/net/pressoffice/press_releases/2010/48.aspx#.UZ9cgFbwDcs
56 e.g. http://global.samsungtomorrow.com/?p=24093
57 https://www.metis2020.com/wp-content/uploads/2012/10/METIS_project_presentation_public.pdf
58 cf. e.g. http://de.slideshare.net/zahidtg/lte-evolution-beyond-lteadvanced or http://de.slideshare.net/zahidtg/future-radio-access-m2m-and-grand-societal-challenges
59 cf. SP-011788
60 cf. SP-110607 and SP-110824. On June 11, 2012, the TCCA and the National Public Safety Telecommunications Council (NPSTC) in the US have signed a Memorandum of Agreement to “underscore their joint commitment of the need to develop mission critical public safety communications standards for Long Term Evolution (LTE)-based technology”.
61 see Hillebrand [1], annexes
62 http://www.3gpp.org/specification-numbering
63 SP-090227, TSG CT report at TSG SA#43
64 GSM 135.6, PDC 38.8, IS54 14.2, IS95 19.5 millions
65 This website is edited by Friedhelm Hillebrand and Thomas Beijer.
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