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Status Update of Alternative Fixed Point EVS Reference C codebase 
1 Introduction
During the 3GPP SA4#99 meeting in Rome, Italy, companies listed below agreed to evaluate the proposed Alternative Fixed Point EVS (Alt_FX_EVS) Reference C codebase, based on the updated basic operators described in TR 26.973 [1 ] and submitted to ITU-T for STL update.
Subsequently, thanks to Fraunhofer, an email reflector was created and the listed companies continued to collaborate.  The objective of the collaboration was to evaluate the proposed reference C codebase, both from a code inspection perspective as well as interoperability and work towards freezing the codebase by October 19, 2018 so that subsequent listening tests can be started.
In this document, we present the results of this evaluation.  At this time, we are on track for freezing the codebase by the target date of October 19, 2018.   
	
	Company name

	1
	VoiceAge

	2
	Dolby Labs

	3
	Ericsson

	4
	Qualcomm

	5
	Fraunhofer

	6
	Nokia-TECH/Tampere

	7
	Intel

	8
	Cadence


2 Scope of evaluation 
The Alternative Fixed Point EVS (Alt_FX_EVS )  Reference C codebase is based on the updated basic operators described in TR 26.973 and submitted to ITU-T for STL update.  This codebase is compared to the reference fixed-point implementation of EVS (TS 26.442) [2].

Evaluation of the proposed alternative fixed point EVS reference code can be grouped into the following major categories:

· Code inspection.  In this evaluation, the new code is compared with the earlier EVS Reference C code (TS 26.442) to confirm that the algorithm has not changed and functions that were there previously have not been deleted.

· Robustness test.  In this type of evaluation, the code is subjected to error testing, feature testing, and content testing.  The intent of error test is to confirm that the decoder does not hang or crash for any type of input stream.  In feature testing, each feature is given different values, including corner conditions and invalid values.  In content testing, different types of signals such as silence, noise, sine sweep, saturated signals, speech, music etc. are input to the encoder and the output of the encoder is then fed to the decoder.
· Objective tests such as loudness tests and POLQA scores.  In this test, the results of the loudness tests and the POLQA tests for the alternative codebase is compared against the existing reference EVS codebase.

3 Status of evaluation
We now discuss the status of the evaluation for the three evaluation categories mentioned in the above section.
Code inspection
Voice Age inspected the codebase and confirms that the code changes in the inspected parts are relevant and that the codebase looks fine.  In addition to Voice Age, code inspection was carried out by Qualcom and Ericsson.  No major issues have been reported.  
Robustness test

Cadence conducted a thorough robustness test.  Please refer to Annexe A for details of the test setup.

In total, approximately 500,000 test scenarios were covered and testing was carried out over a span of approximately three weeks.
This testing improved the code coverage, since four new functions were covered and some of the functions were covered more often than before.  Issues identified were fixed and additionally confirmed with listening tests.  

The updated codebase, with these fixes, version 0.4.3, has been released to the participating companies listed in the Introduction section.
Objective tests conducted by Fraunhofer
Fraunhofer conducted several tests using the MLD tool and compared and contrasted the alternative fixed point code results versus the earlier EVS codebase. POLQA tests were also conducted.  Based on these tests, Fraunhofer concludes that the alternative fixed point EVS reference code is bit-exact with the STL2009 code for most conditions and residual conditions show only small differences.
During that effort, Fraunhofer specified functions [4] that need to be bit-exact across implementations and also identified other cases where audible differences were heard. Cadence made the code changes to reduce those differences.  The alternative codebase (version 0.4.4) had to give up ~2% of the MCPS and the gain factor was reduced from 1.25x to 1.23x as a result of this requirement for bit-exact compliance from an interoperability perspective.
Given the mostly bit-exact nature of the alternative codebase, POLQA results according to the procedures used for floating-point conformance show only minimal differences for a small number of items, as depicted in Figure 1.
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Figure 1: CDF of POLQA differences – all conditions
Objective tests conducted by Intel

Intel run POLQA (version 2.4) measurement using P.501 Annex D files for clean as well as various impairments with packet loss ranging from 1% to 10 %).

The EVS 3GPP Fixed-point code TS 26.442  version 14.2.0 was compared with ALT_EVS version 0.4.3 for all BW and bit rate.

The output files were not bit exact.

The POLQA scores obtained with the two codes were very similar in all test cases. 
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Figure comparing POLQA results for narrow band for clean and PLR condition.
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Figure comparing POLQA results for full band for clean and PLR condition.

Interoperability tests were also run with the 3GPP EVS code using following test cases:

EVS_fixed_encoder – Alt_FX_EVS_decoder

Alt_FX_EVS_encoder – EVS_Fixed_decoder

EVS_float_encoder – Alt_FX_EVS_decoder

Alt_FX_EVS_encoder – EVS_float_decoder

In these tests only WB an SWB mode were used
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Figure comparing interoperability of Alt_FX_EVS with EVS fixed-point for WB test cases (all bit rates and PLR) 
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Figure comparing interoperability of Alt_FX_EVS with EVS floating-point for SWB test cases (all bit rates and PLR)

Based on the results Intel concludes that Alt_FX_EVS behaves similarly as the  EVS standardized code in standalone mode and interoperability scenarios.

4 Conclusion 

In conclusion, ver0.4.4 is on track for code freeze.  

There are some code changes recommended by Nokia Technologies. The background for this change is that some parts were originally written as 64-bit and then modified to 32-bit for EVS. Here, they are rewritten for the alternative 64-bit implementation. The effect on computational complexity is rather minimal/non-existent (third decimal for the file that was tested).  Ericsson has also suggested some changes in the code.  These changes are more related to formatting and control code basic operators .  Some of these suggestions will be integrated to create a new version 0.4.5.

Version 0.4.5 will be the codebase that is frozen by Oct19th.
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Annex A Robustness tests
Annex B Encoder/Decoder Testing
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The Design Under Test (DUT) AltRef Encoder is the Alternative Fixed Point EVS Reference C codebase, Alt_FX_EVS, based on the updated basic operators described in TR 26.973 [1 ] and submitted to ITU-T for STL update.  The Reference Encoder and Decoder is the reference fixed-point implementation of EVS (TS 26.442) [2].  RMS energy values and MLD and PEAQ evaluation tools are used.
In error testing, the input stream is corrupted in several different ways such as:
· Frame Erasure (using open source tools from ITU)
· Change Byte 
· Burst Error
· Bit Reverse Test
· Byte Loss Test
· Random Corruption
· Systematic Corruption
· Dropped Frames (cut file)
In feature testing, each feature is tested for multiple values, including corner conditions and invalid values. 

In content testing, the content of the input file is varied. For example, speech input, noise input, music input, speech and noise combined input etc.

Test vectors used were from the following sources:

· EVS standard regression suit 15.0.0 (http://www.3gpp.org/DynaReport/26444.htm) [3]
· P.501 : Test signals for use in telephonometry (https://www.itu.int/rec/T-REC-P.501-201703-I/en)
· Additional test scenarios
· On the fly Bitrate switching
· On the fly Bandwidth switching
· Input signal level adjustment [5]
· Erroneous streams for JBM
· Total number of test scenarios: ~500,000 test scenarios using combination of various test vectors and configuration parameters.
Annex C Tools/Binaries used in Evaluation
The following section documents the origin and the compilation of the binaries.
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