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Introduction:

The PSS Rel-6 audio codec design constraints were discussed during the Audio Codec Ad-hoc Group meeting that was held in Kista, Sweden, April 7-9, 2003. The “PSS/MMS Audio Codec Selection Criteria” permanent document containing the design constraints was progressed but could not be finalized during the meeting. 

The present document intends to give NEC’s views on the typical characteristics of Rel-6 platforms that should be considered thereby giving some recommendations in the design constraints values as well as improving the current complexity FoMs.

Discussion

Gathering opinions from different NEC experts and in particular from the electronics division we came up with the following general principles:

1) There is no need to limit the quality of a codec too much by silicon related constrains: Compared with the overall complexity of a 3G terminal design, both items processing power and memory, will only to a quite small amount contribute to the complexity.
2) Comparing RAM/ROM and MIPS, we are very much in favour of more memory instead of more processing power. As a new high quality codec will be used most likely at first in high end terminals, both enough processing power and memory will be available. However, as 3G allows speech and data applications  simultaneously,  low processing requirements might better enable multiprocessing and will result in lower power consumption.

Complexity FoMs

The FoMs that were assumed in the ad hoc meeting were based on past exercises and on current processing technology. Here they are:

Complexity FOMC = peak-WMOPS+ 2*RAM + (2/5)*DROM + 2*PROM

Complexity FOMB = average-WMOPS

We propose to update the formulas as follow

Complexity FOMC = peak-WMOPS + 1*(RAM + (1/4)*DROM + PROM)

Complexity FOMB = average-WMOPS

FOMC is updated for the following reasons:

- RAM to ROM: current technology shows a 6 or 5 to 1 RAM to ROM size ratio. And this is reflected in the original formula. However the next step of processing technology enables to reach a size of 4 transistors per SRAM cell. Therefore showing a 4 to 1 RAM to ROM ratio. That explains the ¼ factor in front of DROM.

- wMOPS to memory sizes: the size of an optimized 4 transistor SRAM cell is in the range of 1.4µm2. 40kbytes would result in less than 0.5mm2. To compare this size, it is about the size of an ARM7 subsystem (CPU, peripherals, SDRAM controller, bus bridge). In low power consumption configuration, the system would use a 120MHz clock rate, and assuming wMOPS and MHz are equivalent, we can see that 120kbytes correspond to 120wMOPs. That explains the proposed modification to have a factor of 1 in front of memory sizes. Note that this reasoning leads to the same conclusions when applied to typical DSPs (TI, NEC: note that in that case we have considered peripherals in addition to DSP core).

As you can see, FOMB was confirmed as correct. For your information, it was discussed whether the RAM size would affect the wMOPs because of RAM access and if a RAM contribution would be needed. Given the common bus sizes, the RAM gate activity factor is considered negligible in comparison to the 50% gate activity factor rule of thumb of the rest of the system.

Complexity design constraints

Current values of the complexity limits in the design constraints are shown in the following table (AHAUC-007):

	Computational Complexity
	Encoder (for stereo): 

A.
wMOPS ( 4 * AMR-WB codec

B.
RAM
( X * AMR-WB codec

Low-complexity encoder for MMS: 

A1.
wMOPS ( 1.2 * AMR-WB codec (for mono)

A2.
wMOPS ( 2 * AMR-WB codec (for stereo)

B1.
RAM
( X * AMR-WB codec (for mono)

B2.
RAM
( X * AMR-WB codec (for stereo)

C.
ROM
( X * AMR-WB codec

D.
PROM ( X * AMR-WB codec

Decoder: 

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

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

B.
RAM
( X  * AMR-WB codec

C.
ROM
( X * AMR-WB codec

D.
PROM ( X * AMR-WB codec


Most wMOPS figures are already set. All RAM, ROM and PROM figures are missing. We focused on the RAM figures.

A 40kbytes optimised SRAM (see above) is 0.5mm2. A typical application processor (with image and video support) has a total chip area of 8x8mm =64mm2. 40kbytes of RAM represent 0.78% of the application processor area. Considering a highly desirable feature, an increase of a few percent of RAM size is not a problem. Also, the ROM and PROM figures are not a big problem either. 

Since we have a FoM (FOMC) to reflect that we want to minimize the memory size as much as possible, the design limit can be set at a level that is not too constraining. 

With the 16bits ANSI C code of AMR-WB, the RAM size is 6.5kWords (13kbytes). This corresponds to 0.25% of the typical application processor area. A higher limit of 2.5% RAM area increase for the audio codec compared to the typical application processor area is reasonable. This correspond to 10 times the AMR-WB codec RAM.

Because the encoder and decoder are not run concurrently, we can allow 10 times the AMR-WB codec RAM for the stereo/mono encoder and 5 times for the decoder.

Therefore, we propose the following updates to the RAM figures in the design constraints table (updates are in red):

	Computational Complexity
	Encoder (for stereo): 

A.
wMOPS ( 4 * AMR-WB codec

B.
RAM
( X * AMR-WB codec (not relevant for the terminal)
Low-complexity encoder for MMS: 

A1.
wMOPS ( 1.2 * AMR-WB codec (for mono)

A2.
wMOPS ( 2 * AMR-WB codec (for stereo)

B1.
RAM
( 10 * AMR-WB codec (for mono)

B2.
RAM
( 10 * AMR-WB codec (for stereo)

C.
ROM
( X * AMR-WB codec

D.
PROM ( X * AMR-WB codec

Decoder: 

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

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

B.
RAM
( 5  * AMR-WB codec

C.
ROM
( X * AMR-WB codec

D.
PROM ( X * AMR-WB codec


Conclusion

This contribution shows a way to improve the PSS Rel-6 audio codec design constraints and complexity FoMs to reflect Rel-6 terminal platforms. NEC kindly request SA4 to approve these updates.
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