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1. Introduction

3GPP SA4 and SA have approved the specifications for the AMR-WB codec. In a recent discussion on the SA4 email reflector, the question was raised whether to specify 2:1 downsampling (decimation) and 1:2 upsampling (interpolation) filters for the AMR-WB codec wrt WB-to-NB and NB-to-WB conversion. The need for filter specification was pointed out in order to ensure speech transmission quality and to have control over delay budget. According to the discussion, the scenarios include three kinds of situations:

1) WB input to the encoder and WB output from the decoder,

2) WB input to the encoder and NB output from the decoder,

3) NB input to the encoder and WB output from the decoder.

2. Discussion

In the following, we focus on the third scenario when the input to the WB encoder is a NB signal. Note that in this situation, the user of the mobile containing the WB decoder expects WB sound.

The interpolation in front of the AMR-WB encoder may be done on several different ways. The simplest method is to specify an FIR or IIR low-pass filter. Such a filter has a low complexity but suffers from the bandwidth limitation of the NB signal over the WB link.

We suggest to consider a more powerful interpolation method as well which is able to overcome the bandwidth limitations of NB speech and hence, it is able to cope with users expectation. Besides the upsampling filter, the method consists of a bandwidth extension. It introduces frequency components into the higher frequency band, i.e. which is a part of the WB codec bandwidth but not that of the NB codec. Generating the corresponding frequency components on a proper way results in a WB-like improved subjective speech quality. 

As as additional information, we recall that Siemens fulfilled the AMR-WB verification item on switching performance between AMR and AMR-WB at the SA4 Munich meeting (see Tdoc S4-010050). As a part of this work, we investigated the user preference for a bandwidth extension algorithm right after the AMR decoder. The results showed an approximately 2:1 preference score of the switching scenario with the artificially extended bandwidth of the NB signal versus the plain NB signal. 
3. Proposal

To ensure quality of service, we are in favour of specifying interpolation filters for the AMR-WB codec to interface NB signals rather than leaving them open for implementors. Specifically, in order to comply with users expectation and to make implementations flexible, we propose to specify two options for NB to WB interpolation in the third situation of section 1. The first option includes an upsampling filter. This scenario still provides NB speech quality for the user of the WB decoder although it allows a lower complexity implementation. The second option includes an improved interpolation method which provides an enhanced WB-like subjective speech quality for the user of the WB decoder at the price of a slightly increased complexity. As a result, product implementors can choose between two qualified options according to their preferences. 

Siemens offer to draft and provide the corresponding CRs and a C code for the SA4#18 meeting in September.
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