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1. Introduction

So far there has been very little, if any, discussion on how the audio codec is specified for PSS and MMS services. It should be defined how a mandatory audio codec needs to be specified. The purpose of this document is to discuss the different ways of defining codecs in 3GPP specifications. 

2. Audio codec selection in PSS and MMS specifications

At least the following alternatives can be identified:

1.
Normative bit-exact definition of the codec, except non-normative (informative) bit-exact definition of error concealment. 

· Encoder: Normative bit-exact definition 

· Decoder: Normative bit-exact definition

· Error concealment: Detailed informative bit-exact definition (example minimum performance solution as used for codec selection)

This allows improvements in the channel coding related error concealment. Detailed definition of the (informative) error concealment, enabling its implementation as used in codec selection tests, is included in the specifications. This:   

1) Guarantees “minimum quality performance” to be obtained by implementations (i.e., the quality based on which the codec become chosen for the services); and 

2) Ensures the best specifications as outcome of the standardisation process (e.g., prevents a second best codec - to the extent as covered in specifications - to become defined in the specs due to just superb error concealment the details of which would then finally be left outside specifications).

2. Like alternative 1 but with non bit-exact  (e.g. floating-point) definition. (Specific conformance criteria for the normative parts need to be defined as conformance to specification cannot be based on simply checking bit-exactness like in alternative 1). 

· Encoder: Normative non bit-exact definition 

· Decoder: Normative non bit-exact definition

· Error concealment: Detailed informative non bit-exact definition (example minimum performance solution as used for codec selection)

This alternative enables minimum quality implementation based on the specification (like in alternative 1) but allows the flexibility for implementations to use suitable arithmetic.

Like in alternative 1, to guarantee minimum quality, the specifications must enable implementation of the minimum performance codec; including detailed definition of error concealment as used in codec selection tests. This makes sure that the best codec (as it becomes covered in the specifications) is chosen, and did not become chosen because of performance of hidden parts then finally left outside the specifications. 

This definition may be sufficient for audio codecs (where no “fixed-point tradition” exists). 

The 3GPP speech codecs (AMR, AMR-WB) defined as mandatory codecs for PSS and MMS have been specified both for alternative 1 [1,3] (fixed point version) and alternative 2 [2,4] (floating point version) in 3GPP specifications.
3. Normative non bit-exact definition of only the decoder (with conformance criteria), normative bit-stream to decoder, and detailed informative definition of the encoder and error concealment. 

· Encoder and Error concealment: Detailed informative non bit-exact definition (example minimum performance solution as used for codec selection)

· Decoder: Normative non bit-exact definition + normative bit-stream to decoder

This alternative enables minimum quality codec implementation (as used in codec selection tests) based on the specification but allows improvements in the informative parts (encoder and error concealment).

Like in alternatives 1 and 2 above, this guarantees minimum quality, and makes sure that the best codec (as it becomes covered in the specifications) was chosen, and did not become chosen just because of some hidden parts then left outside the specifications.

This definition may be sufficient for services where only the decoder is implemented in UEs such as PSS; thus giving possibility for the service provider to improve the quality of encoding from the minimum quality example solution (e.g., depending on the affordable complexity).  

4. Normative non bit-exact definition of only the decoder (with conformance criteria), normative bit-stream to decoder, and non-detailed informative definition of the encoder and error concealment. 

· Encoder and Error concealment: Non-detailed informative non bit-exact definition (does not enable implementation of the Encoder and Error concealment as used for the codec selection tests)

· Decoder: Normative non bit-exact definition + normative bit-stream to decoder

This alternative does not guarantee good quality (minimum quality) implementation of the complete codec be prepared solely based on specifications.

The good quality of encoder-decoder chain based on which the codec selection is made cannot be guaranteed by the specifications since encoder remains hidden and not implementable based on the specifications

This does not either guarantee that the best codec (to the extent as it becomes covered in detail in the PSS specifications i.e. only the decoder) was chosen, and did not become chosen just because of some hidden parts then left outside the specifications. The “second best decoder” may become chosen just due to superb encoder (which then remains hidden and not implementable based on the specifications). 

3. Conclusion
The alternatives 1-3 for defining audio codec in 3GPP specifications seem sensible for a mandatory codec. Alternative would 4 risk the quality performance of the 3GPP PSS/MMS services, where good quality encoding and error concealment must be implementable as part of the service. 

Alternative 4 would also be a deviation on how the mandatory codecs for PSS/MMS are currently defined 3GPP specifications as result of competitive codec selection process (definition of the “winning candidate” in the specifications). 

[1] 26.073 ANSI‑C code for the Adaptive Multi Rate (AMR) speech codec 

[2] 26.104 ANSI‑C code for the floating-point AMR speech codec
[3] 26.173  ANSI-C code for the Adaptive Multi Rate (AMR) Wideband speech codec
[4] 26.204 ANSI-C code for the floating-point Adaptive Multi-Rate Wideband (AMR-WB) speech codec







