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1. Introduction

This document is one of the qualification phase deliverables of the AMR Wideband (AMR WB) competition. It provides a high-level algorithm description of the Texas Instruments AMR WB proposal. The overview of the proposal according to the design constraints and the description of the test laboratory set-up used for the qualification phase subjective listening experiments are presented in separate documents. The qualification phase test results are also submitted separately in the form of a spreadsheet.

2. General Description

The Texas Instruments AMR WB candidate is an adaptive multi-rate wideband speech coder operating at source bit-rates ranging from 8.05 kb/s up to 31.0 kb/s. The proposal relies on a split-band approach. The lower band (or baseband) is coded with a CELP coder closely based on the AMR Narrowband (AMR NB) speech coding standard, and the high band is coded with an efficient, amplitude-modulated spectral coding approach operating at various bit rates. 

In all modes used in Application A, the low-band coder is a mode of the AMR NB standard. Some minor modifications were made to the AMR NB modes to comply with AMR WB design constraints, but these changes do not affect the bit stream. Therefore, for the Application A modes, the AMR NB bit stream is exactly embedded in the AMR WB bit stream. For the remaining modes, the structure of the AMR NB coder is still maintained, but modifications are made to create higher-rate, higher-quality baseband coders. 

The embedded nature of the coder presents several advantages:

· Efficiency in terms of program ROM size: since most of the code is shared with the AMR NB coder, the additional Program and Data ROM required to implement the TI AMR WB candidate is very small compared to a standalone solution. For the GSM FR channel (Applications A and B), the additional program ROM is less than 600 words and the additional data ROM is less than 400 words.

· Ease of implementation: the reuse of the AMR NB code reduces implementation costs.

· High quality encoding of NB sources: since the baseband coder is AMR NB, speech originating from a source sampled at 8 kHz will be coded with the same high quality as AMR NB.

· Tandem-free operation from AMR WB to AMR NB: e.g. in a three-way calling scenario where one of the terminals does not have wideband service, the AMR WB bit stream could be stripped and fed into AMR NB.

· Although only a subset of all the available rates is tested in the qualification phase, the coder is able to operate with all eight modes of AMR NB, and still meet all the design constraints.

For the qualification phase coder, channel coding is implemented in the modes used in the GSM Full Rate channel. The channel coding uses rate compatible punctured convolutional codes RCPC) combined with CRC coding. The polynomials used are selected from those specified in GSM 05.03.

The high-level block diagrams of the encoder and decoder are shown in Figures 1 and 2.







Figure 1. Encoder Block Diagram






Figure 2. Decoder Block Diagram

3. Source Coding

The source coder operates on 20 ms frames. It is a split-band coder combining a baseband CELP coder with an efficient high-band coding method based on amplitude-modulated spectral coding. The baseband coder is closely based on the AMR NB speech coder. The high-band bit stream consists of information describing the high-band spectrum and gain. The sub-band decomposition and re-synthesis are done using very low delay filters and the total framing delay including look-ahead and the re-sampling filters is kept to 25 ms. The following table summarises the bit allocation of the modes used in the coder:

Table 1: Source coding bit allocations between baseband and high-band in TI AMR WB proposal

MODES
Baseband
High Band
Total

Mode 1
6.7 kb/s
1.35 kb/s
8.05 kb/s

Mode 2
7.95 kb/s
1.35 kb/s
9.30 kb/s

Mode 3
10.2 kb/s
1.35 kb/s
11.55 kb/s

Mode 4
12.2 kb/s
2.1 kb/s
14.3 kb/s

Mode 5
15.7 kb/s
1.35 kb/s
17.05 kb/s

Mode 6
28.7 kb/s
2.3 kb/s
31.0 kb/s

Modes 1-4 are almost identical to the modes MR67, MR795, MR102 and MR122 of the AMR NB standard, except for small modifications which were made to ensure compliance with the AMR WB design constraints. For these modes, the bit stream for the AMR NB codec modes is embedded in the bit stream of the TI AMR WB candidate. Modes 5 and 6 are newly designed modes where the baseband coder reuses much of the AMR NB software, with changes to the subframe size and the fixed excitation search procedure.

4.   Channel Coding and Signalling

Modes 1-5, are used in Applications A and B (GSM Full Rate channel). The channel coding and signalling bits are added to the source bits for a total rate of 22.8 kb/s. As in AMR NB, eight bits are allocated for AMR signalling purposes. The source / channel / signalling bit allocations for Application A and B modes are summarised in the following table:

Table 2: Source/Channel/Signalling bit allocations for Application A and B

MODE
Source 
Channel 
Signalling
Total

Mode 1
8.05 kb/s
14.35 kb/s
0.4 kb/s
22.8 kb/s

Mode 2
9.30 kb/s
13.10 kb/s
0.4 kb/s
22.8 kb/s

Mode 3
11.55kb/s
10.85 kb/s
0.4 kb/s
22.8 kb/s

Mode 4
14.3 kb/s
 8.10 kb/s
0.4 kb/s
22.8 kb/s

Mode 5
17.05 kb/s
5.35 kb/s
0.4 kb/s
22.8 kb/s

The channel coding is performed with the use of RCPC codes and CRC codes. In each frame, the source bits are divided into classes of decreasing perceptual importance. Class 0 consists of the most important bits. For class 0, first a CRC parity check is computed over the source bits (to detect any error at the receiver), and then both the source bits and the parity check bits are RCPC encoded. For the remaining classes, the source bits are only RCPC encoded. A CRC parity check of 7 bits is used for all modes. The choices of channel rates and constraint lengths are shown in Table 3. 

Table 3: Choices of channel rates and constraint lengths

Mode
Mother Rate
Constraint Length
Convolutional Polynomials

Mode 1
1/3
7
G4, G7, G5

Mode 2
1/3
7
G4, G7, G5

Mode 3
1/3
5
G2, G1, G3

Mode 4
1/3
5
G2, G1, G3

Mode 5
1/3
5
G2, G1, G3

The polynomials used for the channel coding are listed below (as denoted in GSM 05.03). 

G1 = 1+D+D^3+D^4, 

G2 = 1+D^2+D^4, 

G3 = 1+D+D^2+D^3+D^4, 

G4 = 1+D^2+D^3+D^5+D^6, 

G5 = 1+D+D^4+D^6, 

G7 = 1+D+D^2+D^3+D^6

4. Conclusion

The proposal is a split-band coder, which uses a coder based on AMR NB in the baseband, and an efficient, low-rate coder in the high-band. The embedded nature of the coder has many advantages such as efficiency and convenience in implementation, tandem-free operation with AMR NB in the WB to NB direction, and high-quality coding of NB sources.
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