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1. Definition of Terms

GM
General MIDI is a MIDI system standard that was introduced to improve sound module compatibility and reproduction of performance with MIDI. Two GM standards GM 1 and GM 2 are standardized by MMA and AMEI.

GMX
General MIDI eXpandable is a MIDI system standard that is under development in the MMA. GMX format provides scalable representation of MIDI music for interoperable applications. 
XMF
eXtensible Music Format, is a MMA content format for music and audio content. XMF is a hierarchical container format that can contain different content formats.

MIDI
Musical Instrument Digital Interface is essentially standardized as a communications protocol for the transmission of music as electronic data and for communication between a transmitter and receiver using MIDI messages. The MIDI Specification is maintained jointly by MMA and AMEI.

MMA
MIDI Manufacturers Association is a standardization organization maintaining the MIDI specification and related standards, http://www.midi.org/.

SMF
Standard MIDI File is a file format with compatibility for sequence performance data standardized in 1991 by MMA and AMEI. SMF does not specify targeted sound modules and therefore the user must take care of the playback devices, because there is no guarantee of an identical performance even if the same SMF is used.

AMEI
Association of Musical Electronics Industry (previously the JMSC (Japan MIDI Standard Committee)) is a Japanese standardization organization maintaining MIDI specification and related standards jointly with MMA, http://www.amei.or.jp/index.html.

2. Introduction

Nokia proposes the inclusion of a synthetic audio content format and codec for multimedia applications and services in 3GPP Release 5. The proposal is based on the General MIDI eXpandable (GMX) and eXtensible Music Format (XMF) standards introduced by the MIDI Manufacturers Association (MMA). The GMX format provides scalable representation of MIDI content for interoperable services and XMF is a container format supporting several content formats.
In mobile applications, multimedia content is used in a networked environment where the content may be accessed from various sources and distributed between different types of terminals. The implementation of complicated content adaptation methods can be alleviated by introducing a more flexible representation of MIDI content and playback devices. The proposed GMX/XMF content format and codec represents a generalized and technology-neutral solution for interoperable synthetic audio and structured music related multimedia applications. The GMX/XMF format could be used to support the major music playback related applications such as downloadable ringing tones and multimedia messaging, as well as to encourage the development of new applications and services for 3G networks. For all these purposes GMX/XMF is, in our view, preferable to all other available music and sound format standards, and adapting GMX/XMF for use in 3G is preferable to inventing a new standard. The essential features of the GMX/XMF proposal are the following: 

· Supporting product categorization and interoperability between devices with various GMX, MIDI, rendering capabilities having different maximum numbers of simultaneously playing musical notes (polyphony) in terminals. This allows manufacturers to develop and differentiate the musical capabilities within product lines without requiring operators to support different music formats for each polyphony level. This can be implemented without compromising the support for interoperable services. Properly authored GMX content will play on any GMX compliant terminal, with the best quality and the maximum polyphony that the terminal is able to support.

· Providing a generalized, extensible container supporting multiple content formats with a small overhead of data. Because the format is extensible, it will not be necessary to switch to a different basic content format in the future.

· Providing a standardized, extensible, and multi-language metadata framework. This simplifies media management through file tagging, helps to support commerce and rights notices in the international context, and harmonizes with international multimedia messaging requirements.

GMX and XMF formats are introduced in sections 2.1 and 2.2. More detailed information about these formats is provided in two white paper documents included in Annex 1 and Annex 2.
2.1 Introducing GMX

GMX is a new open MIDI content format that is being developed under the MIDI Manufacturer's Association (MMA). GMX is a MIDI based synthetic audio format and rendering specification for a wide range of playback devices such as mobile terminals, PDAs, palm-top computers and other devices that can render MIDI content and benefit from the interoperable multimedia services and applications. A major challenge in synthetic audio formats is the consistent rendering of MIDI content in different terminals. GMX emphasises the role of the content creator by providing a mechanism to control the GMX rendering requirements.

Scalable. The GMX format introduces a new scalable representation of MIDI music. In GMX, the content creator is given a special role in defining the polyphony rendering requirements for each GMX song. The rendering requirements can be generated nearly automatically making GMX content creation is easy. The creation of scalable content involves composition on MIDI channels that are arranged in the order of priority. Scalable MIDI content can be created by extending the basic musical arrangement with additional content on lower priority channels and defining rendering requirement levels for each logical arrangement. The unique channel masking functionality ensures that the operation of note stealing methods does not introduce the rendering of additional random notes outside the arrangement.

Interoperable. In GMX, the rendering requirement information is always incorporated with the MIDI content and therefore any GMX player can easily select the best arrangement for any GMX song. In the case of messaging applications complicated capability negotiation procedures are not feasible to implement, therefore it is important that the GMX player can verify the rendering requirements of the received GMX content and check if the requirements are in line with the rendering capabilities of the player. In the worst case the player can inform the user about incompatibility and render the content using conventional note stealing methods like GM player.
Freely Usable IP. GMX content format specified by MMA is free of all licensing costs.

Easy Implementation. GMX implementation is closely related to popular GM formats and therefore requiring only some changes to GM1, GM2, or GML implementations.

Authoring Tool Support. Commercial GMX content creation tools are not yet available. However the efficient generation of one additional MIDI message providing the GMX rendering requirements can be largely automated and implemented as a separate tool or integrated into a commercial MIDI sequencer software.
2.2 Introducing XMF

XMF is a new open standard content format framework for synthetic music and sampled audio applications, developed by the MMA. A single XMF container may contain multiple media resources in any number of formats, as required for the specific application. In our proposal, media content such as GMX-compliant Standard MIDI File content, WAV content, DLS content, and AMR WB speech content would be carried within an XMF container format. With the exception of MPEG-4 SA, XMF is the only open standard format allowing multiple Standard MIDI File musical performances to be combined into the same container with the custom sampled instruments necessary for branded musical content and related applications.

In addition to resource bundling, the purpose of the XMF container is to provide a framework for system-level, commerce, and rights management functionality such as metadata, data compression, encryption, and, in cases where it is needed, to provide a hierarchical structure for the media elements.
Suitability for 3G

In addition to the high utility of hierarchical bundling, metadata, data compression, and encryption, several characteristics make XMF unique and well-suited for use in 3G systems.

Extensibility. In future, as needs for new music and sound features arise, it should be possible to add them within the XMF framework, rather than having to reinvent the basic container format in order to add new features. This is possible because standard metadata fields, resource format tags, data compression schemes, and encryption schemes are all abstracted and identified by 1- to 3-byte tags registered with the MMA. This means that XMF can be extended with additional features in the future as needed. It is believed that this extensibility makes XMF uniquely suited as a unification format, and will allow 3G to avoid the music format proliferation problems seen in recent years. 

Efficiency. Unlike most MIDI-related music formats, XMF was specifically designed for compatibility with small-footprint platforms including mobile telephony terminals. Its container data structure uses an extremely small number of bytes to encode the container’s hierarchical structure and standard metadata tags. Data compression can be applied at the individual resource level, so that the most effective compressor for each media type can be used. Encryption too can be applied at the individual resource level. Standard metadata fields, resource format tags, data compression, and encryption schemes are identified by 1- to 3-byte tags registered with the MMA, making XMF containers very compact (more than RIFF).

Internet Aware. External resources may optionally be referred to from an XMF container through the use of http: (and file:) URI’s, rather than including the resources directly in the XMF file.

Multilingual Unicode Metadata. Metadata intended to be displayed to the user may optionally be provided in multiple languages, using the Unicode character set. This harmonizes with 3G’s global scope, and is unique among music and sound file formats.

Freely Usable IP. XMF content format specified by MMA is free of all licensing costs.

Easy Implementation. Source code for the reference implementation XMF parser is available from the MMA.

Authoring Tool Support. Commercial XMF authoring tools for musicians are expected to be available in late 2001.

3. Proposal

3.1 Synthetic Audio Content Format and Codec for 3GPP 

The MMA has defined XMF as a generalized framework with numerous domain-specific content formats, known as 'XMF File Types'.  We propose a XMF content format definition for a new XMF File Type specifically for 3GPP, based substantially on pre-existing MMA standards including General MIDI, XMF, and GMX, to be called 'XMF Type 3G'. By prior arrangement with MMA, this XMF File Type would be standardized in 3GPP and perhaps ratified by MMA after 3GPP approval. The standardization could involve consultation with the MMA, especially where the introduction of new MIDI functionality is required.
3.2 Content Format for Multimedia Applications

The content format for XMF Type 3G would have the following characteristics:

[required] Container layout, metadata, and representation of existing standard music and sound resource formats are as defined in MMA document "Specification for XMF Meta File Format" [1].
[required] MIDI content in XMF Type 3G must follow the Standard MIDI File specification defined in MMA document "Standard MIDI Files" [2] and forthcoming General MIDI eXpandable specification defined in "General MIDI eXpandable" [3].
[required] MIDI synthesizer instrument definition information in XMF Type 3G must follow DownLoadable Sounds 2 (DLS-2) specification defined in "Downloadable Sounds Level 2 Specification" [4]. 

[required] Narrow band speech content in XMF Type 3G must follow AMR speech coding standard defined in [6].
[required] Wide band speech content in XMF Type 3G must follow AMR WB speech coding standard defined in [7].
Any new data resource formats required to support the mobile multimedia context in general and 3G in particular are to be identified and/or defined by the 3GPP, and standard XMF IDs for them are to be registered with the MMA.

The supported resource data compression and encryption algorithms are to be defined in the 3GPP, and standard XMF IDs for them are to be registered with the MMA.

Any metadata fields required to support the mobile multimedia context in general and 3G in particular are to be defined in the 3GPP, and standard XMF IDs for them are to be registered with the MMA.

3.3 Codec for Multimedia Applications

The playback codec for XMF Type 3G would have the following characteristics:

3.3.1 Mandatory Codecs

[required] For synthetic audio (MIDI) playback of standard musical instruments, the codec must implement a General MIDI Expandable (GMX) note synthesizer as defined in forthcoming MMA document "General MIDI eXpandable" [3].

[required] If MIDI synthesizer instrument definition information is supported DownLoadable Sounds 2 (DLS-2) is mandatory [4].

[required] PCM audio is supported using WAV sample audio format.
[required] If narrow band speech is supported AMR speech codec [6] is mandatory.

[required] If wide band speech is supported AMR WB speech codec [7] is mandatory.

3.3.2 Optional Codecs

General audio compression codecs should compatible with the ones in 3G PS streaming and MMS.
4. Related Standardization Activities

The MMA is the worldwide authority for MIDI (Musical Instrument Digital Interface) and other related music and sound standards, except in Japan, where the authority is the Association of Musical Electronic Industry (AMEI). GMX standardization is ongoing under the MMA and the approval of MMA and AMEI is expected during late summer 2001. The XMF specifications were already approved by the MMA in January of 2001, and AMEI approval is pending, expected in summer of 2001. MMA will publish it's specifications after both MMA and AMEI have approved the specification documents and therefore this proposal is provided with two white paper documents instead of GMX draft specification and the XMF specification approved by MMA.

5. Summary

A new synthetic audio format and codec was proposed for multimedia applications. The proposed format is flexible and can be extended for a wide range of multimedia application and services in 3G. The core of the content format and codec proposal combines two new music related formats GMX and XMF. Both GMX and XMF formats are being standardized by MMA and AMEI and like other MMA formats they are open and free of licensing costs. 
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7. Annexes

Annex 1: MMA document, "The GMX Content Format " A white paper for 3GPP on the General MIDI eXpandable content format, May 28, 2001.
[These Annex documents are pending MMA approval and complete proposal]

Annex 2: MMA document, "The XMF Content Format " A white paper for 3GPP on the eXtensible Music Format content format, May 28, 2001.

Note! The above Annex documents are pending MMA Technical Standards Board's approval and complete proposal including Annex documents will be provided as soon as possible.
