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Introduction

Nokia has initiated discussion for specifying interpolation and decimation blocks to AMR-WB encoder and decoder respectively in order to have interface for narrowband signals. Those blocks are already present in the Figure 1 " Overview of audio processing functions" of the specification 26.171 "General Description". Interface for the narrowband signals is needed in the transcoder, where narrowband PCM signal must be generated for TFO operations and for tandeming with narrowband codecs.

The main question is whether the filtering operation of those interpolation/decimation modules should be made bit exact or left open for manufacturers. Nokia prefers the procedure of bit-exact specification and defining C-code for all the blocks (filtering, 1:2 up-sampling and 2:1 down-sampling) in the TS 26.173. 

In the Naantali S4 meeting, Nokia made one contribution for the same subject (Tdoc. S4-010361). In this document we proposed several FIR-type of filterings (with minimum phase property) to initiate discussion. However, most of the comments in the meeting were in favour of using IIR type of filter instead. After the meeting we have done some further expert listening with interpolation filters using different filter types and structures. It seems that the filter characteristics in the stopband of the interpolation filter is the most critical aspect and we have come to the conclusion that the stop-band attenuation should be around 50dB to give good quality interpolated signal.

Therefore, we now propose 8th order elliptic IIR filter to be specified for AMR-WB codec when connected with narrowband systems. If this procedure is accepted, we are willing to submit the C-source code of the filter for further verification to any interested parties before making CR for the 26.173.

Properties of the proposed filter

We propose the following 8th order elliptic IIR filter to be used:

Filter properties
Filter A

Type
IIR

Order
8

End of pass band [Hz]
3400

Beginning of stop band [Hz]
4000

Pass band ripple [dB]
0.25

Stop band attenuation [dB]
( 50

Complexity estimation [WMOPS]
0.6


Filter coefficients

i
A[i]
B[i]

0
1.0
0.02921813724924

1
-2.23994719746491
0.05301507637109

2
4.01742206281704
0.10865736016211

3
-4.34912274915945
0.13210786203976

4
3.64413180608075
0.13210786203976

5
-2.06223765335618
0.10865736016211

6
0.79753059140801
0.05301507637109

7
-0.16177998868086
0.02921813724924

Detailed characteristics of the example filters in the form of amplitude response, phases response and group delay curves are given in annex A.

Summary

We propose for interpolation/decimation the 8th order elliptic IIR filter to be added to the AMR-WB codec. If agreement can be reached, we are willing to bring required CRs for 26.173 and 26.190. We are welcoming any comments or further improvements.

ANNEX A

Characteristics of the proposed IIR filter.
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Figure 1: Amplitude response of the proposed IIR filter.
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Figure 2: Pass-band amplitude response of the proposed IIR filter and ITU-T G.712 requirements for attenuation/frequency distortion.
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Figure 3: Stop-band amplitude response of the proposed IIR filter.
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Figure 4: Phase response of the proposed IIR filter.
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Figure 5: Group delay of the proposed IIR filter and ITU-T G.712 requirements for group delay distortion.

