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1. Motivation of the document
During the 3GPP meeting SA4 #19 in Tokyo, the specific medium type Synthetic Audio was introduced in the two Rel-5 specifications TS 26.234 and TS 26.236. The Scalable Polyphony MIDI was chosen as an initial working assumption for future works. Two different SP-MIDI profiles were proposed during this meeting in order to meet the requirements of 3GPP MMS and PSS Rel-5, respectively in Tdoc S4-010612 and S4-010625. Those two profiles list the MIDI messages whose support is mandatory, optional or forbidden in a terminal equipment supporting the 3GPP Profile of SP-MIDI. 

A SP-MIDI synthesizer can use a large range of synthesis methods in order to generate musical sounds. It is important for the success of SP-MIDI in MMS that the sound syntheziser can be implemented either in a separate hardware multimedia chip or imbedded in the DSP as a specific software. In the second case, the SP-MIDI syntheziser appears very like as a usual speech codec. One difference is that a musical sound syntheziser requires more CPU and memory resources than any other speech codec. One other difference is that the capability of the synthesis audio codec is very linked to the mandatory feature of the SP-MIDI 3GPP profile. Therefore, the choice of a proper 3GPP Profile for SP-MIDI is very important and very impacting in a MMS and PSS context. 

In order to go further in the choice of a proper 3GPP Profile for SP-MIDI, it is necessary to study carefully the potential impact of the support of any feature requested by a 3GPP Profile. The purpose of this contribution is to propose a guideline for evaluating and comparing the impact of the different features under discussion in a 3GPP SP-MIDI profile. This will: 

· give SA4 delegates some background knowledge in sound synthesis technologies in order to finally make a well educated decision at the next plenary SA4 meeting. 

· allow the choice of a synthetic audio solution available from low-cost to high-cost products.

2. Synthetic audio
It is out of the scope of this contribution to document every efficient methods used for synthetisizing musical sounds. The vast choice of different technologies available for musical sound synthesis is a clear advantage in term of competition. This will allow inside a single codec specification to develop for each company and for each product a distinct branding design. However, this large choice of technology turns out to be a serious drawback when evaluating the impact of a specific MIDI message. For instance, the musical vibrato effect could be very easily supported within a first sound synthesis method whereas it could be quite impossible to support in a second synthesis method. Of course, it is very difficult for manufacturers to document the precise impact of a MIDI message without revealing secrets of its own technology. 

Therefore we propose to list here some of the technologies potentially used by manufacturers (non exhaustive). We propose a example source code is chosen for each sound synthesis method identified from this list. The choice will be ideally done quickly on the SA4 reflector by consensus of the interested companies. The source code would be for instance chosen from the numerous software synthesizers available under the GPL (GPL stands for GNU General Public License). Once the source codes are chosen, the participating companies will detail: 

· the number of DSP cycles necessary to produce one sample for one single instrument voice played alone in optimal conditions (standard pitch, velocity, etc.). If possible, the number of words allocated in scratch memory for one single instrument voice will be also detailed. 

· The additive cost in term of DSP cycles necessary to support the reception of the MIDI messages under study. If possible, the additive number of words allocated in scratch memory under the reception of the MIDI message under study. 

· If possible or relevant, the size in ROM memory of the preset of an instrument. 

Based on those valuable information, the involved 3GPP companies will get a better visibility from the benefit and the cost associated for each mandatory or optional feature of the SP-MIDI 3GPP Profile for MMS Rel-5 and PSS Rel-5. 

Digital audio synthesis

Several sound synthesis methods are used in the digital musical industry. We will briefly describes two widely used methods: the wavetable synthesis and the operator based synthesis. More information can be found in specialised literature. 

Wavetable synthesis

The main concept of the wavetable synthesis is to reproduce the sound of an instrument from an original sound signal resampled at a new sampling rate in order to give the illusion of a pitch change. The resampling process can be done for instance by accessing at a regular rate the wavetable as if it was a lookup table. Doing so crudely will generate two kinds of artefacts: 

· spectral aliasing of the generated sound 

· dramatic changes of the temporal evolution of the sound 

In order to prevent the spectral aliasing artefacts, it is necessary to low-pass filter the original signal (which is potentially oversampled) at a proper cut-off frequency in order to meet the Nyquist conditions before the resampling process. 

In order to control the changes of the temporal evolution of the sound, the original sound signal is split into a time envelop and a wave signal. The time envelop is usually represented as a 4-part ADSR envelop (ADSR stands for Attack, Decay, Sustain, Release). The wave signal may also be re-processed so that the Sustain part of the signal may me looped without audible clicks or artefacts. 

This synthesis method is very popular. Most sound cards available for personal computers use this technology. It is very expensive in term of memory requirements. A lot of different sources code are available under the GPL. 

Operator based synthesis

This method is based on linear or non-linear combinations of basic sound operator devices generating elementary sounds or waveforms. Those basic operators are usually characterised by the type of waveforms they can generate (sine, triangle, saw-tooth, pulses, noise etc.). Those basic operator also offer different controls: pitch, ADSR envelop, phase, modulation for the pulse code (PCM) generator. The combination of the operator can be additive in the simplest case. In more complicated cases the output of a basic operator can be fed into the control of another basic operator (pitch, phase, PCM etc.). Other elementary operators such as Low Frequency Oscillator (LFO), low-pass filters controlled through their cut-off frequency (VCF) etc. may also be available. A very spectacular application of this patching scheme is known as the infamous frequency modulation (FM) synthezisers popularised by Yamaha in the 80's. 

This synthesis method is very popular in low-cost systems. It is very efficient in term of memory requirements. A lot of different sources code are available under the GPL. 

MIDI message under study

We propose to focus the study on MIDI messages having a different status in the SP-MIDI 3GPP profiles already contributed in S4-010612 and S4-010625. This covers the following list: 

· Control Change Filter Resonance 

· Pitch Bend 

· Channel Pressure 

<!--

<h2>Conclusion</h2>

Manufacturers are expected to check against their own choice of technology (embeded DSP solution or hardware solution) the <em>availability</em> and the <em>cost</em> of each feature.
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