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Introduction

The LS from ITU-T SG12 received in Tdoc S4-080319 requests clarifications on the equivalence of certain AMR codec modes and the other codecs GSM EFR, IS-641 and PDC-EFR. This document aims to provide the requested clarifications.
Equivalences of AMR modes
The AMR codec comprises 8 modes operating at the following bit rates: 4.75, 5.15, 5.9, 6.7, 7.4, 7.95, 10.2 and 12.2. Modes MR67, MR74 and MR122 are bitstream interoperable and algorithmically identical to respectively the PDC EFR, IS-641 and the GSM EFR codecs. Despite the bitstream interoperability and the algorithmic equivalence there are certain differences that may cause that the relevant AMR modes may not operate bit exactly identical to the respective other codecs under all circumstances.

The equivalences and differences will be described in the following.
AMR mode MR122 vs GSM EFR

Encoder differences 

Unlike EFR AMR mode MR122 employs a tone stability measure avoiding potential quality issues in cases of too strong resonances. This method is inherited from IS-641 and adjusts the LTP-gain in case of such strong resonances in tonal sounds. 

In order to allow for seamless mode switching with the other AMR modes unlike EFR, AMR mode MR122 uses a look ahead of 5 ms like all other AMR modes. This causes extra delay, though the actual window shapes are identical.
Decoder differences
Unlike EFR decoder mode MR122 of the AMR decoder has the following additional quality enhancing features: 

· Improved precision excitation gain calculation.

· Overload detection in LPC synthesis.

· High-pass post filter present in AMR mode MR122.
In summary, there are only minor differences between AMR mode MR122 and GSM EFR and only the additional high-pass postfilter of the AMR decoder may cause a consistent waveform difference between signals coded with the two codecs. As can be seen from the AMR codec characterization (3GPP TR 26.975), AMR mode MR122 and GSM EFR perform in fact equivalently. 

AMR mode MR74 vs IS-641

Unlike IS-641 the postfilter of AMR mode MR74 employs an improved AGC function (agc2). Except for this difference according to an investigation by the authors AMR mode MR74 and IS-641 perform bit exactly.

AMR mode MR67 vs PDC EFR

According to an investigation by the authors AMR mode MR67 and PDC EFR perform bit exactly. 

General differences

DTX systems
AMR and the relevant other codecs (GSM EFR, IS-641 and PDC EFR) use fundamentally different VAD/DTX/CNG systems. The differences mainly pertain the coding of the SID frames and different SID update rates. The differences are caused by the specific architectures and behaviors of the transmission systems in which the codecs are used. There is hence no way to avoid these differences. In the derivation of impairment factors, these differences have to be taken into account.

Behavior under non-ideal transmission conditions  
The behavior of the codecs in the presence of transmission errors is system specific and hence not comparable. It is to be noted that AMR and the relevant other codecs (GSM EFR, IS-641 and PDC EFR) use different channel error protection methods and hence the effect of transmission errors may be fundamentally different. It is also to be noted that error concealment methods, even though specified by the pertinent standards, are only informative. In the derivation of impairment factors, these fundamental differences have to be taken into account.
Bit truncation
The AMR codec uses a word-length truncation of the input and output PCM samples of 13 bits. Also the other relevant codecs may or may not use such a truncation depending on the specific setup during compilation of the codec software. Proper and consistent use of this truncation must be made sure when deriving impairment factors. 

Conclusion

This document highlights the equivalences and differences between AMR modes MR122, MR74 and MR67 with, respectively, GSM EFR, IS641 and PDC-EFR codecs. It shows that there are some general differences which mainly are system specific and which need to be taken into account when deriving E-model impairment factors. Besides, it is shown that the pertinent AMR modes are basically identical with the respective other codecs, except for some minor differences which can hardly explain the differences in impairment factors reported by the ITU-T LS. It is to be noted in particular that the largest difference in impairment factor was reported for AMR mode MR67 and the corresponding PDC EFR codec which in fact are bit exact to each other. This suggests that there might be a methodological problem in the derivation in the impairment factors by ITU-T.     
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