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This document presents a summary of the design characteristics of the AMR-WB+ codec modes to be used within the scope of the AMR-WB+ work item and the PSS/MMS low-rate audio codec selection. It is to been seen as a part of the requested deliverables stated in document S4-(03)0837 which calls for a report on the candidate codecs fulfilment of the design constraints. The complexity has been evaluated using the tools provided by Voiceage, in accordance to documents S4-(03)0301 and S4-(03)0303, following the methodology presented in document S4-(03)0155. The memory estimation has been done manually.

The document is presented in two parts, one for the AMR-WB+ work item design criteria and one for the PSS/MMS low-rate audio codec selection design constraints.

AMR-WB+ design constraints

The design constraints for the AMR-WB+ work item are specified in document S4-030358. As specified in the document, the AMR-WB+ encoder supports two different encoding modes, a high quality, high complexity mode for server-based encoding and a low complexity mode for content creation in the terminal. The decoder is the same for both use cases. The codec supports stereo and the decoder can deliver a mono output from a stereo stream. In the table below, all design criteria from the work item are included and the compliance with the AMR-WB+ candidate is indicated.

	Development constraints
	Compliance

	Structure
	The AMR-WB codec divides input signal into two frequency bands. The coding focuses on the lower band sub-sampled to 12.8 kHz. In order to reuse AMR-WB parts, the extended AMR-WB codec shall use the same sub-sampling for the lowest frequencies in all sampling frequencies.

· Modes 0 – 9 are bit-exact AMR-WB modes (increased delay may affect the test vectors). AMR-WB core for 0 – 6.4 kHz audio band and artificial high band regeneration for 6.4 – 7 kHz.

· The AMR-WB VAD and DTX are part of the AMR-WB+ codec

· New modes (10 – 13) with extended AMR-WB core and improved coding for higher band(s) (6.4 – 8/12/16 kHz). Extended AMR-WB  (AMR-WB+) is based on AMR-WB.
	The submitted candidate incorporates the AMR-WB codec, hence fulfilling all the structure criteria.

	
	Use Cases A and B share the same decoder. AMR-WB+ decoder shall be able to decode AMR-WB and AMR-WB+ bit streams.
	The candidate decoder can decode both WB and WB+ streams and is the same for both use case A and use case B.

	Complexity requirements
	All wMOPS, RAM and ROM requirements are given for stereo unless otherwise stated. .
	

	Encoding 
	Use Case A (for stereo): 

A.
wMOPS ( 4 x AMR-WB codec (155.88 wMOPS)
B.
RAM
( 6 x AMR-WB codec (39.168 kWords)

C.
ROM
( 2.5 x AMR-WB codec (24.83 kWords)
D.
Program ROM ( 2.5 x AMR-WB codec (9.72 k basic ops)

Use Case B:

A1.
wMOPS ( 1.2  x AMR-WB codec (for mono) (46.76 wMOPS)
A2.
wMOPS ( 2  x AMR-WB codec (for stereo)  (77.94 wMOPS)
B.
RAM
( 6 x AMR-WB codec  (39.17 kWords)

C.
ROM
( 2.5 x AMR-WB codec (24.83 kWords)
D.
Program ROM ( 2.5 x AMR-WB codec (9.72 k basic ops)
	Use Case A complexity

A. 62.0 (60.9)
 wMOPS
 
B. 25.9 kWords


C. 14.5 kWords

D. 6.7 k basic ops

Use Case B complexity

A1. 25.1 (22.0) wMOPS

A2. 37.7 (33.7) wMOPS

B. 20.4 kWords

C. 14.5 kWords

D. 6.8 k basic ops



	Decoding 
	Use Cases A and B: 

A1.
wMOPS (  3 x AMR-WB decoder (to create mono output out of either mono or stereo input bitstream) (23.49 wMOPS)

A2.
wMOPS ( 4 x AMR-WB decoder (for stereo) (31.32 wMOPS)

B.
RAM
( 3 x AMR-WB codec (19.58 kWords)

C.
ROM
( 2.5 x AMR-WB codec (24.83 kWords)
D.
Program ROM ( 2.5 x AMR-WB codec (9.72 k basic ops)
	Use Cases A and B: 

A1.
8.6 (7.1) wMOPS

A2.
15.5 (14.2) wMOPS

B.
11.6 kWords 

C.
14.6 kWords 
D.
4.9 k basic ops 

	Channel mode
	Generic IP transport on UTRAN and GERAN bearers
	Compliant

	Active noise suppression
	The extension does not include noise suppression.
	Compliant 

	Algorithmic delay
	The algorithmic delay shall not be larger than 200ms.
	The algorithmic delay is 131 ms

	Codec modes
	Four additional modes shall be used at maximum for single channel RTP-payload format.
	Compliant

	Error concealment
	Shall only rely on information that a packet is lost.
	The error concealment only relies on a lost packet indicator

	Frame size
	Integer multiple of 20 ms
	The codec has a super frame structure of 80 ms decomposed into four transmission frames of equal size.

	Input sampling rate and bit rates
	The codec will operate on 16 and 24/32 kHz input sampling rates. 

The maximum allowed bit rate shall be 24 kbit/s.


	The codec operates on 16 and 24 kHz input sampling rates and the maximum bit-rate is 24 kbit/s.

	Switching
	Mode switching within the same sampling rate and number of channels shall be possible. Possibility of switching between mono and stereo at the same sampling rate is desirable.  
	Mode switching within the same sampling rate and number of channels is possible.

	Number of audio channels
	Mono and stereo channels shall be supported.
	Mono and stereo configuration is supported.

	AMR-WB+ implementation
	AMR-WB+ implementation for qualification and selection is based on the version 5.1.0 of the AMR-WB floating-point implementation in specification TS 26.204.

The codec shall be specified in both floating and fixed-point arithmetic.
	The incorporated AMR-WB code is based on the floating-point implementation version 5.1.0 in specification TS 24.204.


PSS/MMS low bit-rate audio codec selection design constraints

The design constraints for the PSS/MMS low bit-rate audio codec selection are specified in document S4-030433.

	Criteria
	Design Constraint
	Compliance

	Computational Complexity
	Server-based stereo Encoder (PSS and/or MMS): 

A.
wMOPS ( 8 * AMR-WB codec (311.76 wMOPS)

B.
RAM+ROM ( 160 kWords 

Low-complexity mono encoder for MMS: 

A.
wMOPS ( 1.2 * AMR-WB codec (46.76 wMOPS) 

B. RAM+ROM ( 40 kWords 
C. ROM (  3.5 * AMR-WB codec (13.61 k basic ops)

Low-complexity stereo encoder for MMS: 

A.
wMOPS ( 2 * AMR-WB codec (77.94 wMOPS)

B.
RAM+ROM (  65 kWords

C.     PROM ( 3.5 * AMR-WB codec (13.61 k basic ops)

Decoder: 

A1.
wMOPS (  3 * AMR-WB decoder (to create mono output out of either mono or stereo input bitstream) ((23.49 wMOPS)

A2.
wMOPS (  4 * AMR-WB decoder (for stereo) (31.32 wMOPS)

B.
RAM
+ ROM ( 40 kWords

C.
PROM ( 3 * AMR-WB codec (11.67 k basic ops)
	Server-based stereo 

A. 62.0 (60.9) wMOPS

B. 40 kWords 

Low-complexity mono encoder: 

A. 25.1 (22.0)  wMOPS 

B. 36.1 kWords

C. 4.3 k basic ops

Low-complexity stereo encoder: 

A. 38.3 (34.4)  wMOPS

B. 36.1 kWords

C. 6.8 k basic ops

Decoder: 

A1.
7.8 (7.5) wMOPS

A2.
15.5 (14.2) wMOPS

B.         27.3 kWords

C.         4.9 k basic ops



	Configurability
	Multiple bitrates in both mono and stereo
	Compliant.

	Switching between bitrates
	Bitrate switching within the same sampling rate and number of channels shall be possible.
	Mode switching between bit-rates is possible within the same sampling rate and number of channels.

	Encoder sampling rates
	The encoder shall support 16kHz input sampling rate 

The encoder shall not require input at any sampling rate other than (in kHz): 16, 22.05, 24, 32, 44.1, 48
	The encoder supports 16 and 24 kHz input sampling rates and does not require input at any other sampling rate.

	Decoder capability
	The decoder shall not require the terminal to support output at sampling rates other than (in kHz): 16, 22.05, 24, 32, 44.1, 48.

The decoder shall support output sampling rates of (in kHz): 8, 16
	The decoder supports output sampling rates at 8, 16 and 24 kHz and does not require the terminal to support other sampling rates than specified in the constraints.

	Variable bitrate coding
	
	The codec supports DTX.

	Error concealment
	Shall only rely on the information that a frame was lost
	The error concealment only relies on the information that a frame was lost.


Summary

As shown in this document, the AMR-WB+ candidate codec meets all design constraints specified in documents S4-030358 and S4-030433. 







� The figure within parenthesis denotes average-wMOPS, otherwise peak-wMOPS is shown.
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