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5
General

The Enhanced aacPlus general audio codec consists of MPEG-4 AAC, MPEG-4 SBR and MPEG-4 Parametric Stereo. The AAC is a general audio codec, SBR is a bandwidth extension technique offering substantial coding gain in combination with AAC, and Parametric Stereo enables stereo coding at very low bitrates. In addition to the above parts of the Enhanced aacPlus codec that are specified in ISO standards [5][6][7][8] there are 3 additional tools included in the Enhanced aacPlus decoder:

-
Error concealment tools for AAC, SBR, and Parametric Stereo make the decoder robust against transmission errors like frame loss. These tools mitigate audible effects of such errors.

-
The stereo-to-mono downmix tool enables a decoder only capable of mono output to downmix a stereo bitstream. For the AAC part this is done in the time domain after the stereo decoding but for SBR this is done on the SBR parameters and thus saving complexity since only a mono decoding of SBR is needed.

-
The Spline resampler tool gives the possibility to resample the output to a sampling frequency different than what was supplied in the bitstream. This gives for example handsets with a D/A converter only capable of 16 kHz sampling frequency the possibility to play bit streams encoded with 22.05 kHz sampling frequency.

The 3GPP Enhanced aacPlus general audio codec offers monophonic and stereophonic coding. For stereophonic  coding two stereo modes are used: parametric stereo for low bitrates and M/S stereo for high bitrates. The codec is based on the MPEG-4 Audio ISO standard. The cited ISO standards define several profiles and levels of which not all are applicable in the 3GPP context. From the ISO standards the following subset shall be used:

The Enhanced aacPlus general audio codec implements the High Efficiency AAC Profile at Level 2
 as defined in [6]. In addition, the following restriction applies:

· frameLengthFlag in GASpecificConfig() shall be 0 (i.e., 960 framing is not supported);
For terminals supporting stereophonic output the following additional statements apply:
· for mono and parametric stereo bitstreams, the Enhanced aacPlus decoder operates the SBR tool in HQ mode, thus the SBR HQ tool is required; 
· the parametric stereo enhancement implements the baseline version of the parametric stereo coding tool in direct combination with the SBR tool, as defined in [8].
· for M/S stereo bitstreams,  it is recommended that the Enhanced aacPlus decoder operate the SBR tool in LP mode.
For terminals that are only capable of producing monophonic output the following additional statements apply:

· implementation of  the parametric stereo tool is not required. The decoder would skip the parametric stereo data and only decode the mono portion of the signal.
· the stereo-to-mono-downmix tool is required in order to be able to decode M/S stereo bitstreams.
· implementation of the SBR HQ tool is not required. Instead it is recommended to only implement the SBR Low Power tool since it allows for reduced computational complexity and lower memory requirements

Figure 1 illustrates how the AAC, SBR and the Parametric Stereo tools are combined to form the enhanced aacPlus codec: aacPlus consists of AAC and SBR. Enhanced aacPlus consists of  aacPlus and the additional Parametric Stereo tool. Enhanced aacPlus is thus a true superset of aacPlus and AAC.
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Figure 1: MPEG tools used to form the Enhanced aacPlus codec
7
Enhanced aacPlus general audio codec: Enhanced aacPlus encoder

Figure 2 shows a block diagram of the Enhanced aacPlus encoder. The input PCM time domain signal is first fed to a stereo-to-mono downmix unit, which is only applied if the input signal is stereo but the chosen audio encoding mode is selected to be mono.

Next, the (mono or stereo) input time domain signal is fed to an IIR resampling filter in order to adjust the input sampling rate fsin to the best-suited sampling rate fsenc for the encoding process. The usage of the IIR resampler is only applied if the input signal sampling rate differs from the encoding sampling rate. The IIR resampler may either be run as a 3:2 downsampler (e.g. to downsample from 48 kHz to 32 kHz) or as a 1:2 upsampler (e.g. to upsample from 16 to 32 kHz).

The Enhanced aacPlus encoder basically consists of the well-known AAC
 (Advanced Audio Coding) waveform encoder, the SBR (Spectral Band Replication) high frequency reconstruction encoding tool and the Parametric Stereo encoding tool. The Enhanced aacPlus encoder is operating in a dual rate mode, whereas the SBR encoder operates at the encoding sampling rate fsenc as delivered from the IIR resampler and the AAC encoder at half of this sampling rate fsenc/2. Consequently a 2:1 downsampler is present at the input to the AAC encoder. For an efficient implementation an IIR (Infinite Impulse Response) filter algorithm is used. The Parametric Stereo tool is used for low-bitrate stereo coding, i.e. below a bitrate of 36 kbit/s.The AAC encoder implementation complies with the AAC Low Complexity Object Type [5].

9
Enhanced aacPlus general audio codec: Additional Decoder Tools

Three additional tools are incorporated in the Enhanced aacPlus that are not part of the cited ISO standards. These are a error concealment algorithm, stereo-to-mono downmix, and a spline resampler.

The error concealment, e.g. in case of frame loss, is achieved by designated algorithms in the decoder for AAC, SBR andParametric Stereo: the AAC core decoder employs signal-adaptive spectrally shaped noise generation for error concealment, in the SBR and Parametric Stereo decoders, error concealment is based on extrapolation of guidance, envelope, and stereo information.

If the transmitted stream is a M/S stereo stream, but a monophonic output is requested, for each of the two components a stereo-to-mono downmix tool is available. In case of AAC the downmix is applied in the time-domain after AAC decoding. In case of SBR the stereo SBR stream is mapped to a mono SBR stream, thus resulting in low computational complexity since all further processing is then done on one channel only. If the transmitted stream uses parametric stereo, but a monophonic output is requested, the Parametric Stereo decoder is deactivated. 
Finally a spline resampler algorithm is used to match the Enhanced aacPlus decoder output sampling rate to any arbitrary sampling rate. The spline resampler is only used if the handset requires any other specific output sampling rate different from fsenc or fsenc/2, e.g. 8 or 16 kHz if fsenc is 44.1 kHz. 
The additional decoder tools are described in [9].

� The HE-AAC Profile combines the AAC Low Complexity object type plus the SBR tool. The AAC LC object type does not implement the Long Term Predictor (LTP) tool. The Level 2 implies a restriction to a maximum of two channels. Furthermore in case of SBR being used, the maximum AAC sampling rate is restricted to 24 kHz whereas if SBR is not used the maximum AAC sampling rate is restricted to 48 kHz.


� AAC has been standardized as recommended audio codec in 3GPP, Release 5
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