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1. Introduction
This contribution revisits the source’s proposal for the memory constraints of the EVS codec to accommodate feedback received on the previous proposal S4-110082 from multiple companies during the 3GPP SA#62 meeting held in Berlin.

In the 3GPP SA4#62 meeting, the source proposed a design constraint for the combined RAM and ROM similarly to the 3GPP PSS/MMS Audio Codec standardization.  This design constraint was proposed for the recommended and optional operation modes including codec support functions.  Several companies, however, expressed that it is desirable to constrain RAM separately to reflect the relation between computational complexity and RAM use in embedded implementations, and to address the different operation mode categories of the EVS codec due to the dependency that RAM use has on the number of channels and the highest supported sampling frequency.
On the other hand, the source believes that it is beneficial to specify as few memory constraints for different operating modes as possible in order to facilitate the completion of the design constraint document and allow design flexibility for developers.   
2. Proposed Memory Constraints

Table 1 presents the memory design constraints applied in the 3GPP PSS/MMS Audio Codec Selection (S4-030433 and S4-040040) for the stereo encoder option meant for implementation in mobile terminals for MMS use case and the decoder. 
Table 1. Design constraints applied in 3GPP PSS/MMS Audio Codec Selection for the memory use of the stereo encoder and decoder, see S4-030433 and S4-040040.
	Criteria
	Design Constraint

	Memory Use 
(Part of Complexity Constraints)
	Low-complexity stereo encoder for terminal implementation (MMS use case) 

  (
RAM + ROM  (  65 kword

  (
PROM  (  30 kword
Decoder: 

  (
RAM + ROM  (  40 kword

  ( 
PROM  (  26 kword


As seen from Table 1, a codec consuming 105 kword of RAM+ROM and 56 kword of PROM was considered implementable on mobile devices in 2004.  In S4-110082, the source proposed to double these numbers for the recommended and optional operation modes of the EVS standard to reflect the capability advancement in hardware platforms since the 3GPP PSS/MMS Audio Codec standardization, to give flexibility to the codec design, and to allow headroom for functionalities such as jitter buffer management that are not part of the 3GPP PSS/MMS Audio Codec.  S4‑110082 did not include specific constraints for the required operation modes.
In this contribution, the source revisits S4-110082 by
· Proposing to apply the RAM + ROM constraint only to RAM, because the cost of ROM has decreased substantially since the 3GPP Audio Codec standardization.  The source recognizes that RAM use has an impact on computational complexity in embedded implementations.

· Proposing a RAM constraint for the required operation modes (up to SWB mono).  This proposed constraint is half of the constraint proposed for the recommended and optional operation modes, reflecting inherently different memory requirements due to the number of channels (stereo versus mono), sampling frequency (48 kHz versus 32 kHz), and functionality (jitter buffer management included versus excluded).

· Proposing to adopt “as low as possible” as the Program ROM constraint instead of a specific maximum size of the program source code for reflecting the low cost of ROM, simplifying the structure of the design constraints, and providing design freedom for developers.  

· Clarifying the earlier proposal S4-110082 to count the memory use of the support functions as part of the recommended and optional operation modes to simplify the design constraints.

3. Conclusion
The source proposes to adopt the memory complexity constraints presented in Table 2 for the Design Constraints of the EVS codec.

Table 2.  The proposed memory constraints presented in blue highlights in the Complexity box of the Design Constraint document.
	Complexity
	Complexity limits are applied according to the following categories:

Required operation modes (up to SWB, mono)  incl. required functionality (e.g. VAD/DTX/CNG) excluding AMR-WB interoperable modes (see below) and codec support functions (see below)
[…]
Memory

RAM
 (  105 kword 
(= Recommended and optional operation modes / 2)
ROM
 (  as low as possible
Program ROM ( as low as possible
Recommended and optional operation modes, wMOPS excluding codec support functions (see below)
[…]
Memory

RAM
 (  210 kword
ROM
 (  as low as possible
Program ROM ( as low as possible
Support functions: audio resampling, (per channel)
[…]
Memory

RAM
 counted as part of recommended and optional operational modes 
ROM
 counted as part of recommended and optional operational modes
Program ROM counted as part of recommended and optional operational modes
Note1: the wMOPS figures will be calculated using version Nov 2009 of the ITU-T STL basic operator library.
	6.1.5
	The EVS Codec should be implementable on a mobile device using today’s technology. The EVS codec should provide low computational complexity not significantly exceeding the design limits set during the AMR-WB codec standardization, and should have low memory usage. Increased computational complexity and memory usage should be commensurate with the gain in quality of user experience (e.g. higher audio bandwidth such as SWB or stereo if it is supported) or with increased efficiency (e.g. lower bit rate for same quality when compared to a reference codec).
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