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1. Introduction

Since SMG#26 (June 1998) SMG11 has carried out development and standardisation of Noise Suppression for the Adaptive Multi Rate (AMR) codec. The noise suppression is an example optional feature designed to enhance speech quality in a range of environments where there is significant (acoustic) background noise. The noise suppression function is a preprocessing module that is used to improve the signal to noise ratio of a speech signal prior to voice coding. Solutions implementing noise suppression as a separate preprocessing module prior to AMR speech encoder or as an embedded module operating on the input speech buffer were considered for the standard. AMR Noise Suppression (AMR-NS) is intended to be used in the mobile station (operating on the uplink speech signal). The possibility to implement AMR Noise Suppression in the network (operating on the downlink speech signal) has been left for further study. 
Six Noise Suppression algorithms were submitted as candidates for the AMR-NS. The algorithm proposals came from Ericsson, Matra Nortel Communications (MNC), Mitsubishi Electric Corporation, Motorola, Nokia and Siemens AG. Testing of candidate solutions was carried out during September-November 1999, and the listening test results were analysed at two meetings: SMG11#13 (December 1999) and SMG11#14 (January 2000). Listening test results and deliverables from proponents (technical descriptions of the algorithms, analysis of compliance to design constraints, additional information such as objective measurements) have been reviewed, analysed and debated within SMG11. At SMG11#14, the debate and analysis was completed and recommendations for the AMR-NS standard were made. These are brought to SMG for approval.  

The AMR-NS technical specification has been finalised and is brought for approval at SMG#31. The format of the technical specification follows the decisions at SMG#29, such that the main body specifies the requirements (based on the overall subjective assessment). As explained and detailed in later sections and in the conclusions, SMG11 have not been able to reach consensus on a unique example noise suppression solution to be included as an informative annex.  As requested by SMG#29, the possibility for adding informative annexes describing  algorithms which meet the requirements stated in the main body in future is foreseen. 
2. Selection Phase Testing

The six candidates were tested in a variety of test conditions in 5 independent test laboratories. Testing was carried out using 7 languages. The tests took place during a period from September to November 1999 and they were completed on schedule. 

Candidate performances were evaluated in multiple of test conditions consisting of 10 experiments and 14 sub-experiments [1]:

Experiment 1:
Quality During the Initial Convergence Time (informal test)

Experiment 2: 
Degradation in Clean Speech (pair comparison test)

Experiment 3: 
Artifacts and Clipping Effects in Background Noise Conditions (ACR test)


Experiment 3a: car noise


Experiment 3b: street noise


Experiment 3c: babble noise

Experiments 4 and 5: 
Performances in Background Noise Conditions (CCR test)


Experiment 4a: low SNR, with AMR 5.9 kbit/s


Experiment 4b: high SNR, with AMR 5.9 kbit/s


Experiment 5a: low SNR, with AMR 12.2 kbit/s


Experiment 5b: high SNR, with AMR 12.2 kbit/s

Experiments 6 and 7:
Performance in Background Noise: Influence of Propagation Errors (CCR test)


Experiment 6: car noise at SNR of 6 dB with C/I=10 dB in uplink and error-free in downlink


Experiment 7: street noise at SNR of 9 dB with C/I=10 dB in uplink and error-free in downlink

Experiments 8 and 9:
Performances in Background Noise: Influence of VAD/DTX (CCR test)

Experiment 10:
Influence of the Input Signal + Noise Level and Performances with Special Noises (ACR test)
Experiment 1 is an informal test with expert listeners analysing any negative impact the noise suppressors may have during convergence time. Experiment 2 is based on pair comparison to test if there is any degradation when using NS compared to the coder without NS. Experiment 3 is an Absolute Category Rating (ACR) test analysing any artefacts and clipping effects in background noise. Experiments 4 to 9 are Comparison Category Rating (CCR) tests analysing performances in background noise conditions with and without propagation errors, and also the influence of VAD/DTX. Experiment 10 is an ACR test investigating the influence of the level of input signal and noise, and also assessing the performance for special noise types. 

Most of the testing was carried out either as ACR or CCR tests. These two differ from each other in the methodology. ACR tests ask the listeners to assess the quality of each speech sample under test while CCR tests are based on asking the listeners to assess the quality differences between samples. ACR and CCR tests are both well established and recognised speech quality testing methodologies. [Maybe some explanation of ACR and CCR like this could be helpful?]
The listening test laboratories performing the AMR-NS selection tests were: Arcon (English language), AT&T (Mandarin, Spanish and English), Nortel (English), FUB (Italian), and COMSAT (French, Spanish and Japanese). All experiments and sub-experiments were carried out with 2 languages. The allocation of experiments to listening laboratories, and the languages used for each experiment, are shown in Table I.  


Arcon
AT&T
Nortel
FUB
COMSAT


English
Mandarin

Spanish, or 

English
English
Italian
French, Spanish, or Japanese

1


X

Spanish

2
X



French

3a
X


X


3b
X


X


3c
X


X


4a


X

Spanish

4b


X

Spanish

5a


X

Spanish

5b


X

Spanish

6

Spanish
X



7

Spanish
X



8

Mandarin, English




9

Mandarin, English




10
X



Japanese

Host lab
ARCON
COMSAT
ARCON
COMSAT
COMSAT


Table I: Allocation of Experiments to Listening Laboratories

The reference conditions were processed by Arcon and COMSAT, while the test samples were processed through the candidate algorithms by the candidate organisations themselves and were cross checked by other candidates. A double blind (?) procedure was followed to ensure that the test laboratories and the test subjects had no knowledge of the test conditions.   

3. Review of the Selection Procedure and Requirements 

The selection procedure consisted of comparing the performances of the candidates against a set of minimum performance requirements and ranking the candidate performances using a number of Figures of Merit (FoM). Technical descriptions and other deliverables from the proponents were reviewed and compliance with a set of mandatory design constraints was analysed. The minimum performance requirements, FoMs and mandatory design constraints were set during the development phase preceding the selection process. 

3.1. Selection Procedure

The Selection Procedure followed the pre-defined selection rules described in [2]. The selection procedure consisted of the following steps:

1.
The selection test results will be presented and analyzed while keeping secret the identity of the candidates. Each candidate will be informed of the code used for its own solution and its solution only. Selection rules 2 (minimum performance requirements) and 3 (direct comparison of candidates using several figures of merit) will be used during this analysis.

2.
After the review and discussion of the test results SMG11 will try to reach a consensus on a quality ranking of the candidates.

3.
Each candidate will then present its solution and show the compliance with the design constraints. All candidates not compliant with all design constraints will be excluded according to the selection rule 1 (failure to meet Design Constraints). 

4.
The test results obtained by each candidate will then be revealed.

5.
A final discussion and review of the solution characteristics and test results will take place.

6.
SMG11 will then try to reach a consensus on a candidate to be selected for AMR/NS standardization.

3.2. Design Constraints (Rule 1)

Design constraints are a set of mandatory requirements. Any candidate not compliant with all design constraints will be excluded. The desing constraints include constraints, e.g., for implementation complexity,  delay, interaction with AMR speech coder, and tuning of the algorithm. 

The Noise Suppression algorithm may be implemented as an embedded module within the AMR speech encoder after the pre-processing module and operate on the pre-processed input speech buffer. The noise suppression algorithm is not allowed to modify any existing functions, tables, or internal variables of the AMR speech encoder except for the aforementioned speech buffer. Tuning of the algorithm by means of external parameter setting  (e.g., for different tuning of algorithms implemented in the Mobile Station (uplink) and in the Network (downlink)) is not allowed.

The increase in one way algorithmic delay due to the activation of the AMR Noise Suppression shall be no more than 7 ms over the delay introduced by the AMR speech codec. For the embedded Noise Suppression module also the algorithmic delay associated with the Noise Suppressor positioned before the AMR speech encoder pre-processing function shall be presented for information. Complexity was limited under 5 WMOPS, with limits set also for memory consumption. 

The design constraints are explained in detail in [3] and [4]. 

3.3. Minimum performance requirements (Rule 2)

The selection process involved comparing the performance of candidates against a set of minimum performance requirements. Any candidate failing to meet the minimum performance was ‘provisionally’ excluded, pending future analysis defined in selection rule 3. 
Table II lists the minimum requirements as stated in Stage 1 specification [3] and the associated test designed for checking the candidate compliance to these requirements. In each case an eliminating criteria is defined.  The reference condition is AMR without NS in all cases, except for the evaluation of the quality during the Initial Convergence Time (Experiment 1). The possibility to implement AMR Noise Suppression in the network (operating on the downlink speech signal) was left for further study. All conditions using downlink NS including tandem conditions with downlink NS are therefore excluded from the candidates evaluation according to the selection rule 2.

Associated Section in Stage 1 Description [3]
Requirement (Title)
Relevant Tests

4.6.1.1
Initial Convergence
Experiment 1: Expert/Informal  listening test 

Any candidate for which the Listening Experts will have determine that the quality degradation in the initial convergence time is unacceptable will be excluded

4.6.1.2
No degradation in clean speech
Experiment 2: Degradation in Clean (Pair comparison)

Any candidate failing to be preferred with a 50% probability in any test condition will be excluded

4.6.1.3/4.6.1.4
No artifacts in residual noise & No speech clipping or reduction in intelligibility
Experiment 3: Performance in Background Noise (ACR)

A candidate failing to be at least as good as AMR w/o NS at the same noise level will be excluded.

4.6.1.5
AMR+NS preferred to AMR w/o NS 
Experiments 4-10: Performance under background noise. Any candidate failing to be preferred to the reference (AMR w/o NS) with a 95% probability for any condition will be excluded.

4.8
Voice Activity Factor
Test defined in [3] section 4.8:Any candidate failing to meet the requirement stated in section 4.8 of [3] will be excluded. (This requirement states that the use of noise supppression should not significantly increase channel activity when used in conjunction with DTX.)

 Table II: Minimum performance requirements
The total number of simple failures and number of systematic failures (failure of the same test condition in all tests performed for the same experiment) leading to the candidate exclusion were recorded and the candidates were ranked accordingly. The candidates were also ranked according to the number of simple and systematic failures leading to the candidate exclusion, assuming that a candidate is excluded as a result of Experiments 4-10 if it is not found at least as good as the reference at the 95% confidence interval.

3.4. Direct comparison of the candidates (Rule 3)

A number of pre-defined Figures of Merit were used to analyze and compare the performances of the candidates. Corresponding rankings were prepared and provided for information only. 

There are three sets of FoMs: The first set (FoMs#1-6) is based on the Comparison Category Rating (CCR) test results (AMR/NS Selection Experiments 4 to 9). The second set (FoMs#7-10) is derived from the Absolute Category Rating (ACR) test results. The third set (FoMs#11-12) is made of Figure of Merits defined by the candidate functional characteristics and performances. 

FoM #1 based on CCR test results is the SMG11 preferred Figure of Merit. However, none of the Figures of  Merit are intended to serve as a single selection criterion. See Annex 1b for definition of all FoMs. 

4. Selection Phase Deliverables 

All proponents provided the full set of selection deliverables in time. During the debate in SMG11, complementing information was obtained from the proponents. The deliverables included technical descriptions of the proposed algorithms together with a justification of compliance with the mandatory design constraints, results of voice activity factor measurements and objective measurements for quality.  

4.1. Technical Descriptions

The proponents provided detailed technical descriptions of their algorithms to be reviewed and debated within SMG11. Along the technical descriptions the proponents had to provide Voice Activity Factor (VAF) measurements and also, for information, measurements with objective measures. Complementing information was requested from the proponents during the debate and these were provided in time. It was agreed that all proponents have provided all the necessary information on their proposals as required by the selection process.  

4.2. Complexity and delay

Proponents were required to provide estimates of the complexity and delay for their algorithm. The results show that all candidates fulfil the design constraints. The complexity and delay estimates for the candidates and the limits set in design constraints are summarised in Annex 3.

4.3. Compliance to Design Constraints (Rule 1)

All mandatory design constraints were judged to have been met by all candidates.  

5. Analysis of listening test results 

The selection test results were presented and analyzed while keeping secret the identity of the candidates. The candidates were referred to as NS1, NS2,..., NS6 during the analysis to prevent bias. These were later (at Step 4) revealed to be:  

NS1 = Mitsubishi Electric Corporation 

NS2 = Siemens AG 

NS3 = Nokia

NS4 = Matra Nortel Communications

NS5 = Ericsson 

NS6 = Motorola

5.1. Minimum performance requirements (Rule 2) 

5.1.1 Speech quality requirements

The candidate performance against the minimum performance requirements was analysed in accordance to the selection Rule 2. The candidates were ranked according to the number of simple and systematic failures (failure of the same test condition in all tests performed for the same experiment).

All candidate algorithms failed to fulfil some of the minimum performance requirements. When "better than" criteria is used for Experiments 4 to 10, the ranking based on the number of simple and systematic failures is:

Prefered – Simple Failures (ex NS/DL)
5
6
9
9
9
13


1. NS5
2. NS2
3. NS3
3. NS6
3. NS4
6. NS1

Prefered – Systematic Failures (ex NS/DL)
2
2
2
2
2
4


1. NS3
1. NS5
1. NS2
1. NS4
1. NS6
6. NS1

In accordance to the selection rules, the candidates were also ranked according to the number of simple and systematic failures leading to the candidate exclusion, assuming that a candidate is excluded as a result of Experiments 4-10 if it is not found at least as good as the reference at the 95% confidence interval. When the "equal to or better than" criteria is used for Experiments 4 to 10, the ranking based on the number of simple and systematic failures is:

Simple Failures (ex NS/DL)

0
2
3
5
5
7

Equivalent To or Better Than

1. NS5
2. NS2
3. NS3
4. NS6
4. NS4
6. NS1

Systematic Failures (ex NS/DL)

0
0
0
0
0
1

Equivalent To or Better Than

1. NS3
1. NS5
1. NS4
1. NS2
1. NS6
6. NS1

All candidates have systematic failures in Experiment 10 for two special noise types: music noise and multiple interfering talkers. For additional information, the ranking was carried out also for the case when music noise and multiple interfering talker noise (in Experiment 10) are excluded in the analysis. The ranking based on the number of simple and systematic failures, with "better than" criteria, then becomes:

Prefered - Simple Failures (ex NS/DL)
1
2
5
5
5
9


1. NS5
2. NS2
3. NS3
3. NS6
3. NS4
6. NS1

Prefered - Systematic Failures (ex NS/DL)
0
0
0
0
0
2


1. NS3
1. NS5
1. NS2
1. NS4
1. NS6
6. NS1

5.1.2 VAF (Voice Activity Factor) requirement

The Selection Phase requirement for Voice Activity factor stated the following [3].

" The AMR speech codec with noise suppression activated should not significantly increase channel activity when used in conjunction with DTX."

Of the 6 candidates, 5 increased average voice activity over the set of speech plus noise samples tested, for at least one of the two VAD options (VAD options 1 and/or 2). NS was the only candiate for which VAF was not increased for either VAD option, as an average acrossthe speech pus noise samples tested.

The following table details the VAF increase for each candidate for each VAD option, as an an average across all tested speech plus noise samples. A negative value denotes a decrease in VAF.

Candidate
NS1
NS2
NS3
NS4
NS5
NS6

VAF increase for VAD Option 1 (%)
+1.77
+2.72
+0.11
-0.79
+0.20
+0.68

VAF increase for VAD Option 1 (%)
+0.09
+0.30
+0.00
-2.22
-0.42
+0.03

5.2. Direct comparison of candidates (Rule 3) 

A number of pre-defined Figures of Merit were used to analyze and compare the performance of the candidates. Corresponding rankings were prepared and provided for information only. These are given in Annex 1.  A summary of all the test results is given in Annex 2. 

The preferred figure of merit (CCR), agreed by SMG11, gives the following ranking:

FOM#1
22.0081
17.9877
16.7528
16.5055
12.8558
12.5941


1. NS6
2. NS4
3. NS2
4. NS1
5. NS5
6. NS3

However, none of the Figures of Merit are intended to serve as a single selection criterion. The conclusion based on rule 3 is that, on the whole, the results are inconclusive to reach quality ranking of the candidate algorithms.

During the analysis it was noted that the results and the ranking depends on the type of testing, whether CCR or ACR tests are used. Some types of tests may have assessed more the degradation of speech quality while others more the reduction of noise. This may be reason for the inconclusive results. 


 
5.3. Overall AMR-NS performance regarding to listening test results 

The listening test results indicate that

· No candidate has fulfilled all performance requirements. Note that some of the failures cannot be judged to be critical since the group had no clear view on some performance requirements when they were set.

· The ranking of the candidates depends on the type of testing (CCR or ACR) and thus allow no conclusive quality ranking. Further, no single test method seems to exist currently having the potential of offering a conclusive quality ranking.

· The candidates demonstrated an improvement of speech quality for noisy conditions. Thus, the introduction of the AMR-NS feature brings significant benefits for the user if the algorithm is designed and adjusted properly to fulfill a defined set of carefully designated performance requirements.

[The draft text from here onwards to be completely modified on basis of the decisions. Some text is just put in these sections for the sake of having some content also here.]

6. Conclusions on the noise suppressors
6.1. Solution characteristics

All candidate algoritms fulfil the mandatory design constraints. All solutions are suitable for use in GSM systems.

6.2. Noise suppression performance

All candidate algorithms fail to fulfil one or more minimum performance requirements. However it should be noted that these requirements were set without a completely clear idea of what performance was to be expected, since this exercise has broken new ground in terms of requirements setting and testing methodologies. Therefore, failure with regard to a reasonably small number of these requirements (see the tables in section 5.1.1) should not be regarded as a critical factor. 
On the other hand, the results of th CCR tests (which are a good gauge of the noise suppressing capability of candidates) show that noise suppression technology can indeed provide significant reductions in noise level.

SMG11 therefore believe that the overall quality improvements shown in the tests justify the publication of a requirements specification for noise suppression applied to the AMR codec, as a means of elaborating the performance levels which should be aimed for by solutions appearing in the future.. 

6.3. Ranking of noise suppression algorithms 

On the whole, With regard to the results of the selection phase testing, SMG11 were not able to reach an overall conclusion in terms of a quality ranking of the 6 candidate algorithms.. There does not seem to be a currently availabletest method that would be optimal and sufficient in itself to comprehensively rank NS solutions. 
6.4. Conclusion on the feasibility of the NS feature in the downlink

During the selection testing of the NS candidates, conditions including the NS algorithm in the downlink path were tested. The aim was to asses the feasibility of putting the NS algorithm in the network on the downlink path. Because the selection process was focused on the uplink, those conditions were not taken into account in the selection results. However, results are available. 

It was decided not to test the downlink on its own to avoid doubling the amount of testing required. Moreover, to perform a fair comparison, no different tuning was allowed between the DL and the UL NS algorithms. For these reasons and since the results without the downlink are inconclusive to reach quality ranking of the candidates, it is difficult to derive conclusions on the feasibility of putting the NS algorithm in the downlink. 

7. Recommendations 
Taking into account all the factors including the analysis of the subjective test results, the descriptions of the AMR-NS candidate algorithms and comparison against design constraints SMG11 recommends the following:

· SMG are requested to approve that the AMR-NS technical specification which consists of a minimum performance specification only (without the inclusion of an  example algorithm in an informative annex at this time).
· SMG are requested to approve the AMR-NS minimum performance specification.
· SMG are requested to mandate SMG11 to perform analysis of any AMR noise suppression solutions which are brought to the attention of SMG in the future, using the requirements set out in the above specification to facilitate  such an analysis.
8. Conclusions 
The AMR-NS selection phase testing was completed on schedule in November 1999 and the analysis of results in January 2000 bringing to a close a selection process of the noise suppression among a set of 6 candidates. The AMR noise suppression specifications are brought for approval at SMG#31. The work was completed in the space of 19 months. 

Quality improvements were demostrated by  noise suppression solutions justifying the application of noise suppression technology  for AMR. SMG11 recommends the publication of a  minimum performance specification in order to give guidance regarding the level of performance expected from algorithms which may appear in the future. . Additionally SMG11 recommend that SMG11 should be mandated to perform analyses of NS algorithms which are brought to their attention (or the attention of SMG) in the future, using the minimum performance specification for this purpose. SMG11 believes that the noise suppression meets the overall objectives of the AMR noise suppression project. SMG is invited to endorse this recommendation. 
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FOM#1
21.0962
17.0745
15.9298
15.5055
12.0193
12.0572


NS6
NS4
NS2
NS1
NS5
NS3

FOM#2
21.0962
17.0745
15.9298
15.5055
12.0193
12.0572


NS6
NS4
NS2
NS1
NS5
NS3

FOM#3a
8.2708
6.8802
5.8854
5.7708
4.8906
4.7969


NS6
NS4
NS1
NS2
NS5
NS3

FOM#3b
8.2708
6.8802
5.8854
5.7708
4.8906
4.7969


NS6
NS4
NS1
NS2
NS5
NS3

FOM#3c
12.8253
10.1943
10.1590
9.6201
7.1287
7.2603


NS6
NS4
NS2
NS1
NS5
NS3

FOM#3d
12.8253
10.1943
10.1590
9.6201
7.1287
7.2603


NS6
NS4
NS2
NS1
NS5
NS3

FOM#4a
2.4167
1.9167
1.9531
1.6510
1.6302
1.5156


NS6
NS4
NS2
NS1
NS5
NS3

FOM#4b
18.6795
15.1578
13.9767
13.8545
10.3891
10.5416


NS6
NS4
NS2
NS1
NS5
NS3

FOM#4c
2.4167
1.9167
1.9531
1.6510
1.6302
1.5156


NS6
NS4
NS2
NS1
NS5
NS3

FOM#4d
18.6795
15.1578
13.9767
13.8545
10.3891
10.5416


NS6
NS4
NS2
NS1
NS5
NS3

FOM#5
6.4739
6.0918
6.4304
5.5772
5.7097
5.5003


NS5
NS4
NS6
NS1
NS2
NS3

FOM#7a
6.5104
5.3229
4.8125
3.8021
3.4688
3.2917


NS5
NS2
NS4
NS3
NS6
NS1

FOM#8a
6.5104
5.3229
4.8125
3.8021
3.4688
3.2917


NS5
NS2
NS4
NS3
NS6
NS1

FOM#9a
-1.5833
-2.3958
-2.8958
-3.8958
-4.1667
-4.4583


NS5
NS3
NS2
NS4
NS1
NS6

FOM#9c
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000


NS5
NS2
NS4
NS6
NS3
NS1

FOM#7b
4.2432
-2.3479
-9.1099
-20.4534
-31.8353
-42.9414


NS5
NS2
NS3
NS4
NS1
NS6

FOM#8b
4.2432
-2.3479
-9.1099
-20.4534
-31.8353
-42.9414


NS5
NS2
NS3
NS4
NS1
NS6

FOM#9b
-13.7318
-28.3407
-38.6731
-46.0702
-49.7178
-56.3726


NS5
NS3
NS2
NS4
NS1
NS6

FOM#9d
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000


NS5
NS2
NS3
NS4
NS6
NS1

FOM#6a
53.0826
43.9323
40.3828
39.0471
31.3767
27.6231


NS6
NS4
NS1
NS2
NS3
NS5

FOM#6b
49.9855
41.8609
40.0272
38.9033
30.9570
24.0992


NS6
NS4
NS1
NS2
NS3
NS5

FOM#6c
57.7283
47.0396
40.9161
39.2628
32.9089
32.0062


NS6
NS4
NS1
NS2
NS5
NS3

FOM#10
3.6177
-4.0464
-4.1682
-8.8849
-12.2269
-16.1904


NS5
NS2
NS3
NS4
NS1
NS6

FOM#11
t.b.a.
t.b.a.
t.b.a.
t.b.a.
t.b.a.
t.b.a.


t.b.a.
t.b.a.
t.b.a.
t.b.a.
t.b.a.
t.b.a.

FOM#12
t.b.a.
t.b.a.
t.b.a.
t.b.a.
t.b.a.
t.b.a.


t.b.a.
t.b.a.
t.b.a.
t.b.a.
t.b.a.
t.b.a.

Annex 1b: Figures of merit - List of FoMs

Three sets of Figure of Merits are defined below. The first set (FoMs#1-6) is based on the CCR test results (AMR/NS Selection Experiments 4 to 9). The second set (FoMs#7-10) is derived from the ACR Test results. The third set is (FoMs#11-12) made of Figure of Merits defined by the candidate functional characteristics and performances.

The candidates will be ranked according to the following metrics:

(1)
Unweighted summation of CMOS scores for all conditions within an experiment, summed (unweighted) across all experiments, excluding all conditions including NS in the downlink direction.

(2)
Same as (1), but using a weighted sum, where each condition within an experiment is given a weighting , and where each experiment is also given a weighting as defined in Table 1. This results in each individual condition being multiplied by 2 weights. The same weights will be used for all weighted measures.

(3)
Repeat measures as per (1) and (2) above but restricted to:

(i)
All  conditions where the SNR >= 10dB (but not including conditions where the SNR >= 30dB)

(ii)
All  conditions where the SNR < 10dB)

(4)
Repeat measures (1) and (2) for:

(i)
All conditions with DTX on

(ii)
All conditions with DTX off

(5)
Repeat measures (1) for all conditions including NS in the downlink direction.

(6)
Subjective SNR improvement per Noise Type based on the CCR test results evaluated using the methodology defined in Annex 1.

(7a)
Unweighted summation of the delta MOS scores per Experiment summed across all ACR Experiments (Experiment 3 and 10), excluding all test conditions using NS in the downlink direction. The delta MOS score is identified as the difference between the MOS score obtained by the candidate for a specific test condition and the MOS score for the reference (AMR without N/S) in the same test condition.

(7b)
Unweighted summation of the delta dBq scores per Experiment summed across all ACR Experiments (Experiment 3 and 10), excluding all test conditions using NS in the downlink direction. The delta dBq score is identified as the difference between the dBq score obtained by the candidate for a specific test condition and the dBq score for the reference (AMR without N/S) in the same test condition. When a dBq score is outside the linear part of the MNRU curve, it should be replaced by the dBq value obtained by replacing the non-linear part of the MNRU curve with a linear extrapolation with slope 0.05. The linear part of the MNRU curve is identified as the area of the MOS=f(dBq) curve where the slope is higher than 0.05.

(8)
Same as (7a) & (7b) but as a weighted sum, where a weight is allocated to each test condition and to each experiment as defined in the following Table 1.

(9)
Repeat all measures in (7) and (8) for all conditions including NS in the downlink direction.

(10)
Subjective SNR improvement per Noise Type based on the ACR test results (Evaluation Method to be defined).

(11)
Complexity and Delay Figure of Merits as defined in Tdoc. SMG11 251R/99 sect. 5.2. For each candidate, the delay FoMs should be recorded with the Embedded/Non-Embedded characteristic of the solution. For each Embedded algorithm, the delay FoMs when the solution is implemented as a non-embedded algorithm should also be recorded.

(12)
Objective SNR improvement and Noise Power reduction per Noise Type reported according to the procedure defined in the AMR/NS Deliverables specification [3]. This measure is provided for additional information, but is not to be considered as primary information in comparing candidates. The primary information is the set of metrics derived from the CCR and ACR based subjective listening tests.

Annex 2a: AMR-NS Selection Test Results - Summary 

[Summary of the results should be prepared, but  maybe in a more nice and elaborated form than below. These are taken straightforwardly from the spreadsheets of the global analysis just to have something here.]

This Annex contains two tables summarising the test results for all experiments:  

· Table I: Passes and failures for minumum performance requirements

· Table II: Scores (%-preference, delta dBQ and subjective SNR improvement)


Table I: Passes and failures for minumum performance requirements (L1 and L2 are the two different languages used in each test)
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Table II: Scores in %-preference, delta dBQ and subjective SNR improvement (L1 and L2 are the two different languages used in each test)
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Annex 2b: AMR-NS Selection Test Results – Performance diagrams

This Annex is drawn from Tdoc SMG11 xxx/99. It contains performance diagrams for the 6 candidates.

a) Experiment 2: Degradation in Clean Speech (pair comparison test)
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English
French

b) Experiment 3: Artifacts and Clipping Effects in Background Noise Conditions (ACR test)
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English  (12.2 kbit/s)
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Italian (12.2 kbit/s)

c) Experiment 4: Performance in Background Noise Conditions (with 5.9 kbit/s AMR codec mode) (CCR test)
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Conawigt | L1 | L2 | L1 |L2fL1 L2 L1 |L2fLT L2 L1 |L2]LTL2fLl|L2fLljL2)L1L2]Ll|L2fL1[L2
Exp01A

Expl2A 122 | sige cuiet : 0% Preterence 000 | o | Fai | Fail | pass | Pass [ pass | pass | pass [ pass [ pass | pass | pass | rail | rail | i [Pass [pass [pass | rass [pass [Pass [pass [pass [pass
AB 122 | vole et : 0% Preterence 000 | Pass | pass | Fail | Fai | Pass | pass | Fai | Fail | Pass | Pass | pass | pass | pass |rass | rai | roi [pass [pass | rail | Fai |Pass [pass [pass [rass
55 Singe et : 0% Preterence 000 | o | pass | Fail | pass | Pass | pass | Fai | pass | pass | Pass | pass | pass | Fail |pass| rai [Pass [pass [pass | Fail [pass Pass [pass [pass [rass
55 | oouwe et : 0% Preterence 000 | Pass | ass | Fail | pass | Pass | pass | Fai | Fail | pass | pass | ral Pass|Pass Pass | rai |pass | pass [Pass | Foi | rai |pass [pass | rai [pass
Exp03A 122 | snge | statiocareum : [same as A mwons | 100 | pass | Pass | pass | pass | pass | rai | pass | rail | pass | pass | pass | roi | pass [pass [pass [pass [pass [ rai [pass | rai [ass [pass [pass | rai
ACR 122 | snge | statiocarrom : [same as A wons | 100 | Pass | Pass | pass | pass | pass | Pass | Pass | pass | pass | pass | Pass | Pass | pass |pass | pass |pass [ Pass [Pass [pass |pass [pass [Pass [pass [pass
Exp038 122 | snge Strect : [same as avimwons | 100 | pass | roi | pass | pass | pass | rai [ pass [ rai | pass | pass | pass | rei | pass | rai [pass [pass [pass [ rei [pass | rai [rass [pass [pass | rai
ACR 122 | snge | swesttson : [Same o A mwons | 100 | Pass | Fei | Pass | pass | pass | Fal | Pass | Pass | ass | pass | Pass | Fai | pass | Fai |pass |pass [Pass | Fai |pass |pass | pass [pass [pass | Fai
122 | Doble | testssm 2 [same as At wons | oo | et | Fei | Fal | Fai | pass | rai | Pass | Fai | pass | Fail | Fai | Foi | Fai | Fa | Fai | Foil |Pass| Foi [pass | Fai |pass | et | Fai | Fa
ExpD3C 122 | sge | babhesss : [same as Avmwons | 100 | pass | Fei | Pass | pass | pass | pass [ Pass | Fail | ass | pass | Pass | Fai | pass | Fai |pass |pass [pass [Pass [pass | Fai [ ass [pass [pass | rai
ACR 122 | snde | Bebbiersm 2 [same o A mwons | 100 | pass | Fei | Pass | pass | pass | pass | Pass | Fail | pass | pass | pass | Fai | pass | Fai |pass |pass [pass [pass [pass | Fai |pass [pass [pass | Fai
122 | Dowle | babhesss 2 [same os A wons | 000 | pass | Foi | Pass | Fai | pass | rai | Pass | Fai | ass | Fal | Fai | Foi | pass | Fai |ass | Fail |Pass| Foi [pass | Fai |ass | rai | Fai | Fa
ExpO4A 53 Single | _static Cor b0 : prefereatoererence | 100 | pass [ Pass | pass | pass [ pass | pass [ pass [ pass [ pass | pass | pass [ pass [ pass [pass [pass [pass [pass [pass [pass | pass [ pass [pass [ pass [pass
Ccer 53 snge Strect : Prefereatorererence | 100 | Pass | Pass | Pass | pass | Pass | Pass | Pass | pass | pass | pass | Pass | Pass | pass |pass | pass |Pass [ Pass [Pass [pass |pass [ pass [pass [ pass [pass
59 Sige | babhiesom : prefereatorererence | 100 | Pass | Pass | pass | pass | pass | pass | Pass | pass | pass | Fail | pass | Pass | pass |pass | pass |pass [ Pass [Pass [pass | pass | pass [pass [ pass [pass
ExpD4B 53 Sigle | StaicCar 1208 : prefereatorererence | 100 | Pass | Pass | pass | pass | pass | pass | Pass [ pass | pass | pass | Pass | Pass | pass [pass [pass [pass [pass [pass [pass | pass [ pass [pass [pass [pass
Ccer 53 Sige | _steet 158 2 prefereatorererence | 100 | pass | Pass | pass | pass | pass | pass | Pass | pass | pass | pass | pass | Pass | pass [pass | pass |pass [pass [pass [pass |pass [ pass [pass [ pass [pass
53 Sige | _Bokbie 1508 2 prefereatorererence | 100 | pass | Pass | pass | pass | pass | rai | Pass | pass | pass | pass | pass | Pass | pass |pass | pass |pass [ pass [pass [ass | pass [ pass [pass [ ass [pass
ExpO5A 122 | snge | Stotiocareum : prefereatorererence | 100 | Pass | Pass | pass | pass | pass | pass | Pass [ pass | pass | pass | Pass | Pass | pass [pass [pass [pass [pass [pass [pass | pass [ pass [pass [pass [pass
Ccer 122 | snge Strect su 2 prefereatorererence | 100 | pass | Pass | pass | pass | pass | pass | Pass | pass | pass | pass | pass | Pass | pass [pass | pass |pass [pass [pass [pass |pass [ pass [pass [ pass [pass
122 | snge | babhesss 2 prefereatorererence | 100 | pass | Pass | pass | pass | pass | pass | Pass | pass | pass | pass | pass | Pass | pass |pass | pass | pass [ pass [pass [ass | pass | pass [pass [ ass [pass
ExpD58 122 | snge | staiocarr2m : prefereatoererence | 100 | pass [ Pass | pass | pass [ pass | pass [ pass [ pass [ pass | pass | pass [ pass [ pass [pass [pass [pass [pass [pass [pass | pass [ pass [pass [ pass [pass
Ccer 122 | snge | swesttson : Prefereatorererence | 100 | Pass | Pass | Pass | pass | Pass | Pass | Pass | pass | pass | pass | Pass | Pass | pass |pass | pass |Pass [ Pass [Pass [pass |pass [ pass [pass [ pass [pass
122 | snde | eebbersm 2 prefereatorererence | 100 | pass | Pass | pass | pass | pass | pass | Pass | pass | pass | pass | pass | Pass | pass |pass | pass | pass [ pass [pass [ass | pass | pass [pass [ ass [pass
ExplDA 122 | Snge | Sitiocartun | iodBleve |preferedtofeterence | 100 | Fal | Fal | Pass | Pass | pass | pass | Pass | Pass | Pass | pass | pass | Pass | Pass [Pass pass [pass rass [Pass [Pass [pass [pass [ pass [pass [pass
ACR 122 | Snge | Sttiocartan | odBlevel |preferedtoReterence | 100 | pass | Pass | Pass | Pass | pass | pass | Pass | Pass | Pass | pass | pass | Pass | Pass |Pass Pass [pass | pass [pass [ Pass [pass [ass | pass [ pass [pass
122 | Snge | Sttiocartan | 10dBLevel |PreferedtoReterence | 100 | Pass | Pass | Pass | Pass | ass | pass | Pass | Pass | Pass | pass | Pass | Pass | Pass |Pass Pass |pass | Pass |Pass [ Pass |Pass | ass | pass [ pass [pass
122 | Snge | Dynamic car b = prefereatorererence | 100 | pass | Pass | pass | pass | pass | pass | Pass | pass | pass | pass | pass | Pass | pass [pass | pass |pass [pass [pass [pass |pass [ pass [pass [ pass [pass
122 | snge | wusictsen = prefereatorererence | 100 | Fai | Fai | Fal | Fai | Fal | Fai | Fei | Fal | Fai | ol | Fai | Fei | pass |pass | ass |Pass[Pass [Pass [pass |pass [pass [pass [pass [pass
122 | Snge |biond Takers 18] = pretereatorererence | 1o | e | ke | Fai | Fai | Fai | e | rei | rai | Fai | Fai | e | rai | pass [pass | pass [pase [ pass [pass [pass | pass [ pass [pass [ pacs [pass

Experiment uL DL Noise DTX Requirement | Weight
ExpOBA sawins | - Stoic Car 65 ot prefereatorererence | 100 | Pass | Pass [ pass | pass | pass | pass [ pass [ pass | pass | pass | pass | pass | pass [pass | pass [pass [pass [pass [ass | pass | pass [pass [ pass [pass
Ccer 58wt [ 122vins | st care ot prefereatorererence | 000 | Pass | Pass | Pass | pass | Pass | Pass | Pass | Pass | pass | pass | Pass | Pass | pass |pass | Pass |Pass [ Pass [Pass [pass |pass [ pass [pass [ pass [pass
59 |r22wins| statocarem ot prefereatorererence | 000 | pass | Pass | pass | pass | pass | pass | Pass | pass | pass | pass | pass | Pass | pass |pass | pass [pass [ Pass [Pass [pass | pass [ pase [pass [pass [pass
Expl7A sawins | - Strect ot prefereatorererence | 100 | pass | Pass | pass | pass | pass | Fai | pass [ pass | pass | pass | pass | Pass | pass [pass [pass [pass [pass [pass [pass | pass [ pass [pass [pass [pass
Ccer sawins [122vins | srectonm ot prefereatorererence | 0oo | Fai | Pass | ral | pass | pass | pass | rei | pass | pass | pass | pass | Pass | pass [pass |pass |pass [pass [pass [pass |pass [ pass [pass [pass [pass
55 |2wins| swestsm ot prefereatorererence | 000 | pass | rei | Fal | Fai | pass | Pass | Fei | pass | pass | Fal | Pass | Pass | pass |pass | pass |pass [ Pass [Pass [pass |pass [ pass [pass [pass [pass
ExplEA Zawins |- Static Car 65 on FreferedtoReterence | 100 | Pass | Pass | Pass | pass | Pass | Pass | Pass | Pass | pass | pass | Pass | Pass | pass [pass | pass | pass [Pass [pass [pass | pass | pass [pass [ pass [pass
Ccer 7awins | 122w | St Car 5o on FrefereatoReterence | 000 | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass |Pass | Pass |Pass | Pass Pass |Pass | Pass | Pass | Pass [ Pass [pass
7avins [122vins | stto carsen orr prefereatorererence | 000 | pass | Pass | pass | pass | pass | pass | Pass | pass | pass | pass | pass | Pass | pass |pass | pass [pass [ Pass [Pass [pass | pass [ pase [pass [pass [pass
ExploA Tawins |- Street on FreferedtoReterence | 100 | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass |pass | Pass | Pass | Pass | Pass |Pass | Pass | Pass | Pass | Pass [Pass
Ccer 7awins [122vins | swectosm on pretereatorererence | ooo | et | rei | Fal | Fai | pass | rai | pass | Fal | pass | pass | ai | rei | pass [pass | ass [pass [pass [pass [pass |pass [pass [pass [pass [pass
7awits | 122wins | Svestads ot [Freforedto Reforence | 000 | Fail | Fail | Fal | Fai | Pass | Fal | Fal | Fai | Pass | Fail | Fal | Fail | Pass |Pass|Pass |Pass|Pass |Pass | Pass |Pass | Pass |Pass | Pass | Pass.





English (low SNR, AMR 5.9 kbit/s) 
Spanish (low SNR, AMR 5.9 kbit/s)
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d) Experiment 5: Performance in Background Noise Conditions (with 12.2 kbit/s AMR codec mode)  (CCR test)
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e) Experiments 6 and 7: Influence of Propagation Errors (at C/I=10 dB in uplink (UL) and error-free in downlink (DL)) (CCR test)
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English (9 dB SNR)
Spanish (9 dB SNR)
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f) Experiments 8 and 9: Influence of VAD/DTX (CCR test)


English (6 dB SNR)
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English (9 dB SNR)

Mandarin (9 dB SNR)
g) Experiment 10: Performances of the Input Signal + Noise Level and Performances with Special Noise (ACR test)
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Annex 3: Complexity and Delay of AMR-NS Candidate Proposals 























NS1
NS2
NS3
NS4
NS5
NS6

Requirement


WMOPS
2,910
3,386
2,432
3,623
4,472
3,934

5,000


Dynamic RAM (words)
770
2234
781
768
1529
< 3039

3039


Static RAM (words)
262
718
168
577
850
239

1500


Data ROM (words)
312
863
302
731
877
537

1000


Program ROM (basic ETSI ops)
754
772
1018
907
884
581

2000













Delay (ms)
5,00
5,00
0,00
2,00
0,00
5,00

7,00


Delay-stand alone (ms)

5,00
1,50
10,75
0,00
5,00




Implementation
embedded
stand alone
embedded
embedded
stand alone
embedded


























FOM(1)
5,72
8,49
5,38
8,33
10,34
6,48

15,80


FOM(2)@ESP25
7,33
7,71
1,95
4,90
3,58
8,15

11,00


FOM(2)@ESP50
6,16
6,35
0,97
3,45
1,79
6,57

9,00


FOM(2)@ESP100
5,58
5,68
0,49
2,72
0,89
5,79

8,00
























FOM(1) = WMOPS + 2*sRAM + (2/5)*dROM + 2*pROM



sRam, dROM in kbytes, pROM in kbasic ETSI ops






FOM(2) = delay(proc) + delay(algor)



delay(proc) = WMOPS * 20 /(E*S*P)) 
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� FOM(1) = WMOPS + 2 sRAM + (2/5) dROM + 2 pROM; where sRAM and dROM are defined as kbytes, and pROM is defined as number of basic ETSI instructions. 


� FOM(2) = delay (processing) + delay (algorithmic); where delay(proc)=WMOPS*20/(E*S*P), and E*S*P=25,50,100 [The meaning of E*S*P to be explained]
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				Read Me File for the use of the AMR-NS CCR Exp06A to Exp09A Test Results Spreadsheet

				John D. Tardelli 12/05/99												Version:		8

				NOTE: This Results Spreadsheet is based on a work performed by Alain Ohana during previous ETSI efforts.

				Many thanks to  Alain for all his efforts.

				General Instructions:

				This workbook provides the tools necessary for the analysis of the AMR-NS selection CCR tests.

				In these spreadsheets, all cells are locked: It is not possible to modify the content of any cell manually

				However, they are linked to Test Laboratory specific entry workbooks ('NS_TLabX_DataEntry') where it is possible to provide the test results.

				The workwork reads the test results in the Test Lab entry workbook and inputs to the proper experiment workbook.

				It then computes the essential parameters necessary to analyze the test results. The results are then presented in graphical format and any required transforms are calculated.

				Version 0.1

						First draft of AMR-NS Data Entry Workbook

				Version 0.2

						Addition of Plots to all Experiments

				Version 0.3

						Modification to Summary

						Update of Pass/Fail Decision

				Version 2

						Distribution of CCR Results for Exp04B English and Spanish; Exp05A English and Spanish; Exp05B English.

						Cancelation of Prevoiusly Reported Results for Exp04A English

				Version 0.4

						Removal of Selection Rules Worksheet

						Change to Pass/Fail Format

						Rename and limit Summary Worksheet

						Add linear lease squares transform (with intercept forced to 0) for Exp04 and Exp05

				Version 0.5

						Add transform to all Exp04 and Exp05

						Split Exp04A to Exp05B from file

				Version 0.6

						Fix probplem with Exp08, Exp09 Pass/Fail re score index

						Fix Pass/Fail Tables for Exp08 and Exp09

						Note data problem with Exp09 English=Japanese

				Version 8

						In Kypto - final changes

						Update to latest COMSAT data

						NOTE NUMBER OF SUBJECTS FOR Exp07A-Spanish is 22, so N=176





Stats

		

		Confidence Interval:		0.05

				Votes per

		Experiment		Condition		2-tailed				1-tailed				2-tailed (n/2)

		Experiment 3		96		1.973		t(0.05,190)		1.653		t(0.05,190)		1.986		t(0.05,94)

		Experiment 4		192		1.966		t(0.05,382)		1.649		t(0.05,382)		1.973		t(0.05,190)

		Experiment 5		192		1.966		t(0.05,382)		1.649		t(0.05,382)		1.973		t(0.05,190)

		Experiment 6		192		1.966		t(0.05,382)		1.649		t(0.05,382)		1.973		t(0.05,190)

		Experiment 7		192		1.966		t(0.05,382)		1.649		t(0.05,382)		1.973		t(0.05,190)

		Experiment 8		192		1.966		t(0.05,382)		1.649		t(0.05,382)		1.973		t(0.05,190)

		Experiment 9		192		1.966		t(0.05,382)		1.649		t(0.05,382)		1.973		t(0.05,190)

		Experiment 10		96		1.973		t(0.05,190)		1.653		t(0.05,190)		1.986		t(0.05,94)





Exp06A-English

		

				Experiment 6A: AMR-NS Test Results - Test Lab NORTEL - Language ENGLISH

				Performance in Background Noise: Influence of Propagation Errors - Stationary Car Noise at 6dB SNR

				Always Error free on DL; C/I = 10 dB in UL

				CCR Test

				Conditions:		24

				Vote/Condition:		4 talkers * 2 orders * 24 subjects =				192

						Processed Codec/MNRU				Reference Codec/MNRU				Males Talkers				Females Talkers				All Talkers																																																						t(0.05,382)		1.65		1-tailed

				Condition		UL		DL		UL		DL		CMOS		s		CMOS		s		CMOS		s																																																				t(0.05,382)		1.97		2-tailed

				1		Direct		-		Direct		-		0.05		0.59		0.01		0.51		0.03		0.55																																												Processed Codec				Reference Codec				n		192		Primary

				2		AMR@5.9		-		AMR@5.9		-		0.03		0.64		-0.04		0.52		-0.01		0.58																																										Condition		UL		DL		UL		DL		CMOS		S(test)		2-Tailed T		Prefered		Equivalent

				3		MNRU-12		-		MNRU-16		-		-0.55		0.79		-0.51		0.77		-0.53		0.78																																										7		AMR/NS1@5.9		-		AMR@5.9		-		0.661		0.97		0.1374		Pass		Pass

				4		MNRU-12		-		Direct		-		-1.90		0.86		-1.86		0.89		-1.88		0.88																																										8		AMR/NS2@5.9		-		AMR@5.9		-		0.677		1.09		0.1550		Pass		Pass

				5		MNRU-12		-		MNRU-Q1		-		-0.67		0.83		-0.68		0.89		-0.67		0.86																																										9		AMR/NS3@5.9		-		AMR@5.9		-		0.438		0.92		0.1312		Pass		Pass

				6		MNRU-12		-		MNRU-Q2		-		-0.83		0.83		-0.86		0.90		-0.85		0.86																																										10		AMR/NS4@5.9		-		AMR@5.9		-		0.542		1.07		0.1515		Pass		Pass

		NS1		7		AMR/NS1@5.9		-		AMR@5.9		-		0.73		0.99		0.59		0.95		0.66		0.97																																										11		AMR/NS5@5.9		-		AMR@5.9		-		0.589		1.08		0.1532		Pass		Pass

		NS2		8		AMR/NS2@5.9		-		AMR@5.9		-		0.78		1.03		0.57		1.15		0.68		1.09																																										12		AMR/NS6@5.9		-		AMR@5.9		-		0.792		1.17		0.1654		Pass		Pass

		NS3		9		AMR/NS3@5.9		-		AMR@5.9		-		0.47		0.94		0.41		0.91		0.44		0.92																																										13		AMR/NS1@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.510		1.32		0.1876		Pass		Pass

		NS4		10		AMR/NS4@5.9		-		AMR@5.9		-		0.58		1.06		0.50		1.08		0.54		1.07																																										14		AMR/NS2@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.583		1.30		0.1844		Pass		Pass

		NS5		11		AMR/NS5@5.9		-		AMR@5.9		-		0.59		1.12		0.58		1.04		0.59		1.08																																										15		AMR/NS3@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.547		1.24		0.1765		Pass		Pass

		NS6		12		AMR/NS6@5.9		-		AMR@5.9		-		0.89		1.20		0.70		1.13		0.79		1.17																																										16		AMR/NS4@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.474		1.31		0.1859		Pass		Pass

		NS1		13		AMR/NS1@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.55		1.33		0.47		1.32		0.51		1.32																																										17		AMR/NS5@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.656		1.27		0.1800		Pass		Pass

		NS2		14		AMR/NS2@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.56		1.41		0.60		1.18		0.58		1.30																																										18		AMR/NS6@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.724		1.57		0.2222		Pass		Pass

		NS3		15		AMR/NS3@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.65		1.29		0.45		1.20		0.55		1.24																																										19		AMR@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.271		0.92		0.1298		Pass		Pass

		NS4		16		AMR/NS4@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.64		1.33		0.31		1.28		0.47		1.31																																										20		AMR@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.432		1.04		0.1470		Pass		Pass

		NS5		17		AMR/NS5@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.71		1.29		0.60		1.25		0.66		1.27																																										21		AMR@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.339		0.92		0.1303		Pass		Pass

		NS6		18		AMR/NS6@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.89		1.58		0.56		1.54		0.72		1.57																																										22		AMR@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.458		0.99		0.1407		Pass		Pass

		NS1		19		AMR@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.25		0.91		0.29		0.93		0.27		0.92																																										23		AMR@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.406		0.93		0.1324		Pass		Pass

		NS2		20		AMR@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.40		1.13		0.47		0.94		0.43		1.04																																										24		AMR@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.411		1.22		0.1726		Pass		Pass

		NS3		21		AMR@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.28		0.95		0.40		0.89		0.34		0.92																																																								# Failures =		0		0

		NS4		22		AMR@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.52		0.85		0.40		1.12		0.46		0.99

		NS5		23		AMR@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.39		0.90		0.43		0.97		0.41		0.93

		NS6		24		AMR@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.43		1.21		0.40		1.23		0.41		1.22
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				Experiment 6A: AMR-NS Test Results - Test Lab ATT - Language SPANISH

				Performance in Background Noise: Influence of Propagation Errors - Stationary Car Noise at 6dB SNR

				Always Error free on DL; C/I = 10 dB in UL

				CCR Test

				Conditions:		24

				Vote/Condition:		4 talkers * 2 orders * 24 subjects =				192

						Processed Codec/MNRU				Reference Codec/MNRU				Males Talkers				Females Talkers				All Talkers																																																						t(0.05,382)		1.65		1-tailed

				Condition		UL		DL		UL		DL		CMOS		s		CMOS		s		CMOS		s																																																				t(0.05,382)		1.97		2-tailed

				1		Direct		-		Direct		-		0.03		0.56		0.08		0.85		0.06		0.71																																												Processed Codec				Reference Codec				n		192		Primary

				2		AMR@5.9		-		AMR@5.9		-		0.40		0.70		0.13		0.90		0.26		0.81																																										Condition		UL		DL		UL		DL		CMOS		S(test)		2-Tailed T		Prefered		Equivalent

				3		MNRU-12		-		MNRU-16		-		-0.57		0.92		-0.29		0.94		-0.43		0.94																																										7		AMR/NS1@5.9		-		AMR@5.9		-		0.807		0.82		0.1166		Pass		Pass

				4		MNRU-12		-		Direct		-		-1.43		0.90		-1.40		1.13		-1.41		1.01																																										8		AMR/NS2@5.9		-		AMR@5.9		-		0.932		0.79		0.1121		Pass		Pass

				5		MNRU-12		-		MNRU-Q1		-		-0.76		0.62		-0.68		0.75		-0.72		0.69																																										9		AMR/NS3@5.9		-		AMR@5.9		-		0.380		0.90		0.1276		Pass		Pass

				6		MNRU-12		-		MNRU-Q2		-		-0.81		0.62		-0.70		0.96		-0.76		0.80																																										10		AMR/NS4@5.9		-		AMR@5.9		-		0.828		0.75		0.1059		Pass		Pass

		NS1		7		AMR/NS1@5.9		-		AMR@5.9		-		0.85		0.65		0.76		0.97		0.81		0.82																																										11		AMR/NS5@5.9		-		AMR@5.9		-		0.771		0.80		0.1137		Pass		Pass

		NS2		8		AMR/NS2@5.9		-		AMR@5.9		-		1.02		0.81		0.84		0.77		0.93		0.79																																										12		AMR/NS6@5.9		-		AMR@5.9		-		1.052		0.99		0.1402		Pass		Pass

		NS3		9		AMR/NS3@5.9		-		AMR@5.9		-		0.38		1.00		0.39		0.79		0.38		0.90																																										13		AMR/NS1@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		1.068		1.04		0.1476		Pass		Pass

		NS4		10		AMR/NS4@5.9		-		AMR@5.9		-		0.77		0.82		0.89		0.67		0.83		0.75																																										14		AMR/NS2@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.839		1.13		0.1596		Pass		Pass

		NS5		11		AMR/NS5@5.9		-		AMR@5.9		-		0.85		0.90		0.69		0.69		0.77		0.80																																										15		AMR/NS3@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.797		0.93		0.1321		Pass		Pass

		NS6		12		AMR/NS6@5.9		-		AMR@5.9		-		1.17		1.02		0.94		0.95		1.05		0.99																																										16		AMR/NS4@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.792		1.02		0.1447		Pass		Pass

		NS1		13		AMR/NS1@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		1.20		1.04		0.94		1.04		1.07		1.04																																										17		AMR/NS5@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.958		1.01		0.1436		Pass		Pass

		NS2		14		AMR/NS2@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		1.14		1.05		0.54		1.13		0.84		1.13																																										18		AMR/NS6@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.938		1.13		0.1609		Pass		Pass

		NS3		15		AMR/NS3@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.84		0.98		0.75		0.88		0.80		0.93																																										19		AMR@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.547		0.75		0.1060		Pass		Pass

		NS4		16		AMR/NS4@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.91		0.99		0.68		1.05		0.79		1.02																																										20		AMR@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.594		0.79		0.1120		Pass		Pass

		NS5		17		AMR/NS5@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.77		1.02		1.15		0.98		0.96		1.01																																										21		AMR@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.229		0.78		0.1108		Pass		Pass

		NS6		18		AMR/NS6@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.91		1.34		0.97		0.90		0.94		1.13																																										22		AMR@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.484		0.90		0.1271		Pass		Pass

		NS1		19		AMR@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.61		0.71		0.48		0.79		0.55		0.75																																										23		AMR@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.469		0.87		0.1239		Pass		Pass

		NS2		20		AMR@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.58		0.86		0.60		0.72		0.59		0.79																																										24		AMR@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.714		0.92		0.1305		Pass		Pass

		NS3		21		AMR@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.11		0.88		0.34		0.66		0.23		0.78																																																								# Failures =		0		0

		NS4		22		AMR@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.55		0.91		0.42		0.88		0.48		0.90

		NS5		23		AMR@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.53		0.89		0.41		0.86		0.47		0.87

		NS6		24		AMR@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.91		0.81		0.52		0.99		0.71		0.92
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				Experiment 7A: AMR-NS Test Results - Test Lab NORTEL - Language ENGLISH

				Performance in Background Noise: Influence of Propagation Errors - Street Noise at 9dB SNR

				Always Error free on DL; C/I = 10 dB in UL

				CCR Test

				Conditions:		24

				Vote/Condition:		4 talkers * 2 orders * 24 subjects =				192

						Processed Codec/MNRU				Reference Codec/MNRU				Males Talkers				Females Talkers				All Talkers																																																						t(0.05,382)		1.65		1-tailed

				Condition		UL		DL		UL		DL		CMOS		s		CMOS		s		CMOS		s																																																				t(0.05,382)		1.97		2-tailed

				1		Direct		-		Direct		-		0.03		0.88		0.08		0.88		0.06		0.88																																												Processed Codec				Reference Codec				n		192		Primary

				2		AMR@5.9		-		AMR@5.9		-		-0.03		0.73		0.04		0.79		0.01		0.76																																										Condition		UL		DL		UL		DL		CMOS		S(test)		2-Tailed T		Prefered		Equivalent

				3		MNRU-12		-		MNRU-16		-		-0.63		0.95		-0.61		1.05		-0.62		1.00																																										7		AMR/NS1@5.9		-		AMR@5.9		-		0.260		1.07		0.1519		Pass		Pass

				4		MNRU-12		-		Direct		-		-1.63		1.14		-1.78		1.08		-1.70		1.11																																										8		AMR/NS2@5.9		-		AMR@5.9		-		0.255		1.00		0.1417		Pass		Pass

				5		MNRU-12		-		MNRU-Q1		-		-0.66		1.18		-0.83		0.99		-0.74		1.09																																										9		AMR/NS3@5.9		-		AMR@5.9		-		0.151		0.98		0.1395		Pass		Pass

				6		MNRU-12		-		MNRU-Q2		-		-0.93		1.14		-0.97		1.05		-0.95		1.09																																										10		AMR/NS4@5.9		-		AMR@5.9		-		0.255		1.10		0.1566		Pass		Pass

		NS1		7		AMR/NS1@5.9		-		AMR@5.9		-		0.35		1.11		0.17		1.02		0.26		1.07																																										11		AMR/NS5@5.9		-		AMR@5.9		-		0.266		0.95		0.1344		Pass		Pass

		NS2		8		AMR/NS2@5.9		-		AMR@5.9		-		0.46		0.94		0.05		1.02		0.26		1.00																																										12		AMR/NS6@5.9		-		AMR@5.9		-		0.635		1.30		0.1849		Pass		Pass

		NS3		9		AMR/NS3@5.9		-		AMR@5.9		-		0.16		0.96		0.15		1.02		0.15		0.98																																										13		AMR/NS1@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		-0.005		1.39		0.1972		Fail		Pass

		NS4		10		AMR/NS4@5.9		-		AMR@5.9		-		0.38		1.12		0.14		1.08		0.26		1.10																																										14		AMR/NS2@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		-0.172		1.29		0.1829		Fail		Pass

		NS5		11		AMR/NS5@5.9		-		AMR@5.9		-		0.29		0.88		0.24		1.01		0.27		0.95																																										15		AMR/NS3@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.313		1.23		0.1740		Pass		Pass

		NS6		12		AMR/NS6@5.9		-		AMR@5.9		-		0.66		1.24		0.61		1.37		0.64		1.30																																										16		AMR/NS4@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.089		1.35		0.1914		Fail		Pass

		NS1		13		AMR/NS1@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.06		1.46		-0.07		1.32		-0.01		1.39																																										17		AMR/NS5@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.188		1.23		0.1740		Pass		Pass

		NS2		14		AMR/NS2@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		-0.15		1.26		-0.20		1.32		-0.17		1.29																																										18		AMR/NS6@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.245		1.58		0.2244		Pass		Pass

		NS3		15		AMR/NS3@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.41		1.29		0.22		1.16		0.31		1.23																																										19		AMR@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.276		1.08		0.1538		Pass		Pass

		NS4		16		AMR/NS4@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.27		1.33		-0.09		1.35		0.09		1.35																																										20		AMR@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.031		1.01		0.1429		Fail		Pass

		NS5		17		AMR/NS5@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.33		1.25		0.04		1.20		0.19		1.23																																										21		AMR@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.260		0.97		0.1381		Pass		Pass

		NS6		18		AMR/NS6@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.26		1.60		0.23		1.57		0.24		1.58																																										22		AMR@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.135		1.09		0.1545		Fail		Pass

		NS1		19		AMR@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.14		1.17		0.42		0.98		0.28		1.08																																										23		AMR@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.151		0.82		0.1164		Pass		Pass

		NS2		20		AMR@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.00		1.12		0.06		0.88		0.03		1.01																																										24		AMR@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.370		1.22		0.1726		Pass		Pass

		NS3		21		AMR@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.26		1.03		0.26		0.92		0.26		0.97																																																								# Failures =		5		0

		NS4		22		AMR@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.02		1.12		0.25		1.05		0.14		1.09

		NS5		23		AMR@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.15		0.87		0.16		0.77		0.15		0.82

		NS6		24		AMR@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.38		1.31		0.36		1.13		0.37		1.22
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AMR/NS@5.9 UL

AMR/NS@5.9 UL - AMR/NS@12.2 DL

AMR@5.9 UL - AMR/NS@12.2 DL

NS Candidates

CMOS Score

Candidate Conditions
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Direct vs Direct

AMR@5.9 vs AMR@5.9

MNRU-12 vs MNRU-16

MNRU-12 vs Direct

MNRU-12 vs MNRU-Q1

MNRU-12 vs MNRU-Q2

Condition

CMOS Score

Reference Conditions



		

				Experiment 7A: AMR-NS Test Results - Test Lab ATT - Language SPANISH

				Performance in Background Noise: Influence of Propagation Errors - Street Noise at 9dB SNR

				Always Error free on DL; C/I = 10 dB in UL

				CCR Test

				Conditions:		24

				Vote/Condition:		4 talkers * 2 orders * 22 subjects =				176

						Processed Codec/MNRU				Reference Codec/MNRU				Males Talkers				Females Talkers				All Talkers																																																						t(0.05,382)		1.65		1-tailed

				Condition		UL		DL		UL		DL		CMOS		s		CMOS		s		CMOS		s																																																				t(0.05,382)		1.97		2-tailed

				1		Direct		-		Direct		-		0.41		0.62		-0.13		0.72		0.14		0.72																																												Processed Codec				Reference Codec				n		176		Primary

				2		AMR@5.9		-		AMR@5.9		-		-0.02		0.63		-0.27		0.63		-0.15		0.64																																										Condition		UL		DL		UL		DL		CMOS		S(test)		2-Tailed T		Prefered		Equivalent

				3		MNRU-12		-		MNRU-16		-		-0.40		0.81		-0.48		0.66		-0.44		0.73																																										7		AMR/NS1@5.9		-		AMR@5.9		-		0.443		0.79		0.1170		Pass		Pass

				4		MNRU-12		-		Direct		-		-1.09		0.72		-0.92		0.83		-1.01		0.77																																										8		AMR/NS2@5.9		-		AMR@5.9		-		0.403		0.80		0.1188		Pass		Pass

				5		MNRU-12		-		MNRU-Q1		-		-0.59		0.72		-0.58		0.84		-0.59		0.78																																										9		AMR/NS3@5.9		-		AMR@5.9		-		-0.057		0.65		0.0963		Fail		Pass

				6		MNRU-12		-		MNRU-Q2		-		-0.77		0.63		-0.63		0.87		-0.70		0.76																																										10		AMR/NS4@5.9		-		AMR@5.9		-		0.403		0.78		0.1162		Pass		Pass

		NS1		7		AMR/NS1@5.9		-		AMR@5.9		-		0.50		0.81		0.39		0.77		0.44		0.79																																										11		AMR/NS5@5.9		-		AMR@5.9		-		0.273		0.66		0.0972		Pass		Pass

		NS2		8		AMR/NS2@5.9		-		AMR@5.9		-		0.23		0.72		0.58		0.85		0.40		0.80																																										12		AMR/NS6@5.9		-		AMR@5.9		-		0.665		0.74		0.1093		Pass		Pass

		NS3		9		AMR/NS3@5.9		-		AMR@5.9		-		-0.16		0.63		0.05		0.66		-0.06		0.65																																										13		AMR/NS1@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.261		0.95		0.1412		Pass		Pass

		NS4		10		AMR/NS4@5.9		-		AMR@5.9		-		0.34		0.80		0.47		0.77		0.40		0.78																																										14		AMR/NS2@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.284		0.95		0.1407		Pass		Pass

		NS5		11		AMR/NS5@5.9		-		AMR@5.9		-		0.26		0.59		0.28		0.73		0.27		0.66																																										15		AMR/NS3@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.318		0.75		0.1108		Pass		Pass

		NS6		12		AMR/NS6@5.9		-		AMR@5.9		-		0.78		0.71		0.55		0.75		0.66		0.74																																										16		AMR/NS4@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.398		0.93		0.1377		Pass		Pass

		NS1		13		AMR/NS1@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.47		0.90		0.06		0.97		0.26		0.95																																										17		AMR/NS5@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.244		0.80		0.1184		Pass		Pass

		NS2		14		AMR/NS2@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.50		0.82		0.07		1.03		0.28		0.95																																										18		AMR/NS6@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.341		1.04		0.1543		Pass		Pass

		NS3		15		AMR/NS3@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.35		0.77		0.28		0.73		0.32		0.75																																										19		AMR@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		0.063		0.73		0.1082		Fail		Pass

		NS4		16		AMR/NS4@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.51		0.98		0.28		0.87		0.40		0.93																																										20		AMR@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.176		0.74		0.1090		Pass		Pass

		NS5		17		AMR/NS5@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		0.49		0.77		0.00		0.75		0.24		0.80																																										21		AMR@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.313		0.76		0.1120		Pass		Pass

		NS6		18		AMR/NS6@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.53		1.02		0.15		1.04		0.34		1.04																																										22		AMR@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.324		0.84		0.1241		Pass		Pass

		NS1		19		AMR@5.9		AMR/NS1@12.2		AMR@5.9		AMR@12.2		-0.14		0.77		0.26		0.63		0.06		0.73																																										23		AMR@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		-0.063		0.73		0.1088		Fail		Pass

		NS2		20		AMR@5.9		AMR/NS2@12.2		AMR@5.9		AMR@12.2		0.30		0.73		0.06		0.73		0.18		0.74																																										24		AMR@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.284		0.91		0.1347		Pass		Pass

		NS3		21		AMR@5.9		AMR/NS3@12.2		AMR@5.9		AMR@12.2		0.51		0.75		0.11		0.71		0.31		0.76																																																								# Failures =		3		0

		NS4		22		AMR@5.9		AMR/NS4@12.2		AMR@5.9		AMR@12.2		0.43		0.86		0.22		0.81		0.32		0.84

		NS5		23		AMR@5.9		AMR/NS5@12.2		AMR@5.9		AMR@12.2		-0.07		0.77		-0.06		0.71		-0.06		0.73

		NS6		24		AMR@5.9		AMR/NS6@12.2		AMR@5.9		AMR@12.2		0.31		0.90		0.26		0.92		0.28		0.91
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Direct vs Direct

AMR@5.9 vs AMR@5.9

MNRU-12 vs MNRU-16

MNRU-12 vs Direct

MNRU-12 vs MNRU-Q1

MNRU-12 vs MNRU-Q2

Condition

CMOS Score

Reference Conditions



		

				Experiment 8A: AMR-NS Test Results - Test Lab ATT - Language ENGLISH

				Performances in Background Noise: Influence of VAD/DTX (Option 1) - Staionary Car Noise at 6dB SNR

				Error free on both UL and DL

				CCR Test

				Conditions:		24

				Vote/Condition:		4 talkers * 2 orders * 24 subjects =				192

						Processed Codec/MNRU						Reference Codec/MNRU						Males Talkers				Females Talkers				All Talkers																																																										t(0.05,382)		1.65		1-tailed

				Condition		UL		UL/DTX		DL		UL		UL/DTX		DL		CMOS		s		CMOS		s		CMOS		s																																																								t(0.05,382)		1.97		2-tailed

				1		Direct		-		-		Direct		-		-		-0.04		0.50		-0.03		0.44		-0.04		0.47																																												Processed Codec						Reference Codec						n		192		Primary

				2		AMR@7.4		-		-		AMR@7.4		-		-		-0.02		0.57		0.03		0.49		0.01		0.53																																										Condition		UL		UL/DTX		DL		UL		UL/DTX		DL		CMOS		S(test)		2-Tailed T		Prefered		Equivalent

				3		MNRU-12		-		-		MNRU-16		-		-		-0.50		0.53		-0.65		0.60		-0.57		0.57																																										7		AMR/NS1@7.4		On		-		AMR@7.4		On		-		0.766		0.65		0.0926		Pass		Pass

				4		MNRU-12		-		-		Direct		-		-		-1.42		0.52		-1.61		0.62		-1.52		0.58																																										8		AMR/NS2@7.4		On		-		AMR@7.4		On		-		0.573		0.87		0.1231		Pass		Pass

				5		MNRU-12		-		-		MNRU-Q1		-		-		0.00		0.39		-0.44		0.51		-0.22		0.50																																										9		AMR/NS3@7.4		On		-		AMR@7.4		On		-		0.521		0.79		0.1123		Pass		Pass

				6		MNRU-12		-		-		MNRU-Q2		-		-		-0.24		0.52		-0.56		0.54		-0.40		0.55																																										10		AMR/NS4@7.4		On		-		AMR@7.4		On		-		0.750		0.64		0.0909		Pass		Pass

		NS1		7		AMR/NS1@7.4		On		-		AMR@7.4		On		-		0.75		0.71		0.78		0.59		0.77		0.65																																										11		AMR/NS5@7.4		On		-		AMR@7.4		On		-		0.656		0.71		0.1010		Pass		Pass

		NS2		8		AMR/NS2@7.4		On		-		AMR@7.4		On		-		0.65		0.97		0.50		0.76		0.57		0.87																																										12		AMR/NS6@7.4		On		-		AMR@7.4		On		-		0.714		0.75		0.1064		Pass		Pass

		NS3		9		AMR/NS3@7.4		On		-		AMR@7.4		On		-		0.39		0.72		0.66		0.84		0.52		0.79																																										13		AMR/NS1@7.4		On		AMR/NS1@12.2		AMR@7.4		On		AMR@12.2		0.599		0.97		0.1380		Pass		Pass

		NS4		10		AMR/NS4@7.4		On		-		AMR@7.4		On		-		0.94		0.60		0.56		0.63		0.75		0.64																																										14		AMR/NS2@7.4		On		AMR/NS2@12.2		AMR@7.4		On		AMR@12.2		0.552		0.87		0.1229		Pass		Pass

		NS5		11		AMR/NS5@7.4		On		-		AMR@7.4		On		-		0.64		0.67		0.68		0.76		0.66		0.71																																										15		AMR/NS3@7.4		On		AMR/NS3@12.2		AMR@7.4		On		AMR@12.2		0.370		1.00		0.1412		Pass		Pass

		NS6		12		AMR/NS6@7.4		On		-		AMR@7.4		On		-		0.65		0.82		0.78		0.68		0.71		0.75																																										16		AMR/NS4@7.4		On		AMR/NS4@12.2		AMR@7.4		On		AMR@12.2		0.573		1.06		0.1506		Pass		Pass

		NS1		13		AMR/NS1@7.4		On		AMR/NS1@12.2		AMR@7.4		On		AMR@12.2		0.65		1.09		0.55		0.85		0.60		0.97																																										17		AMR/NS5@7.4		On		AMR/NS5@12.2		AMR@7.4		On		AMR@12.2		0.542		0.95		0.1349		Pass		Pass

		NS2		14		AMR/NS2@7.4		On		AMR/NS2@12.2		AMR@7.4		On		AMR@12.2		0.63		0.85		0.48		0.89		0.55		0.87																																										18		AMR/NS6@7.4		On		AMR/NS6@12.2		AMR@7.4		On		AMR@12.2		0.339		1.18		0.1680		Pass		Pass

		NS3		15		AMR/NS3@7.4		On		AMR/NS3@12.2		AMR@7.4		On		AMR@12.2		0.51		1.00		0.23		0.98		0.37		1.00																																										19		AMR/NS1@7.4		Off		AMR/NS1@12.2		AMR@7.4		Off		AMR@12.2		0.583		0.91		0.1289		Pass		Pass

		NS4		16		AMR/NS4@7.4		On		AMR/NS4@12.2		AMR@7.4		On		AMR@12.2		0.69		1.03		0.46		1.09		0.57		1.06																																										20		AMR/NS2@7.4		Off		AMR/NS2@12.2		AMR@7.4		Off		AMR@12.2		0.662		1.03		0.1458		Pass		Pass

		NS5		17		AMR/NS5@7.4		On		AMR/NS5@12.2		AMR@7.4		On		AMR@12.2		0.60		1.00		0.48		0.90		0.54		0.95																																										21		AMR/NS3@7.4		Off		AMR/NS3@12.2		AMR@7.4		Off		AMR@12.2		0.422		0.94		0.1328		Pass		Pass

		NS6		18		AMR/NS6@7.4		On		AMR/NS6@12.2		AMR@7.4		On		AMR@12.2		0.55		1.11		0.13		1.23		0.34		1.18																																										22		AMR/NS4@7.4		Off		AMR/NS4@12.2		AMR@7.4		Off		AMR@12.2		0.688		0.93		0.1323		Pass		Pass

		NS1		19		AMR/NS1@7.4		Off		AMR/NS1@12.2		AMR@7.4		Off		AMR@12.2		0.63		1.00		0.54		0.81		0.58		0.91																																										23		AMR/NS5@7.4		Off		AMR/NS5@12.2		AMR@7.4		Off		AMR@12.2		0.552		0.90		0.1275		Pass		Pass

		NS2		20		AMR/NS2@7.4		Off		AMR/NS2@12.2		AMR@7.4		Off		AMR@12.2		0.74		1.05		0.58		1.01		0.66		1.03																																										24		AMR/NS6@7.4		Off		AMR/NS6@12.2		AMR@7.4		Off		AMR@12.2		0.500		1.08		0.1537		Pass		Pass

		NS3		21		AMR/NS3@7.4		Off		AMR/NS3@12.2		AMR@7.4		Off		AMR@12.2		0.46		1.04		0.39		0.83		0.42		0.94																																																												# Failures =		0		0

		NS4		22		AMR/NS4@7.4		Off		AMR/NS4@12.2		AMR@7.4		Off		AMR@12.2		0.88		0.90		0.50		0.94		0.69		0.93

		NS5		23		AMR/NS5@7.4		Off		AMR/NS5@12.2		AMR@7.4		Off		AMR@12.2		0.56		0.88		0.54		0.93		0.55		0.90

		NS6		24		AMR/NS6@7.4		Off		AMR/NS6@12.2		AMR@7.4		Off		AMR@12.2		0.65		1.12		0.35		1.04		0.50		1.08
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UL w/DTX - Male
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NS Candidates
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Direct vs Direct

AMR@7.4 vs AMR@7.4

MNRU-12 vs MNRU-16

MNRU-12 vs Direct

MNRU-12 vs MNRU-Q1

MNRU-12 vs MNRU-Q2

Condition

CMOS Score

Reference Conditions



		

				Experiment 8A: AMR-NS Test Results - Test Lab ATT - Language MANDARIN

				Performances in Background Noise: Influence of VAD/DTX (Option 1) - Staionary Car Noise at 6dB SNR

				Error free on both UL and DL

				CCR Test

				Conditions:		24

				Vote/Condition:		4 talkers * 2 orders * 24 subjects =				192

						Processed Codec/MNRU						Reference Codec/MNRU						Males Talkers				Females Talkers				All Talkers																																																										t(0.05,382)		1.65		1-tailed

				Condition		UL		UL/DTX		DL		UL		UL/DTX		DL		CMOS		s		CMOS		s		CMOS		s																																																								t(0.05,382)		1.97		2-tailed

				1		Direct		-		-		Direct		-		-		0.22		0.68		-0.21		0.51		0.01		0.63																																												Processed Codec						Reference Codec						n		192		Primary

				2		AMR@7.4		-		-		AMR@7.4		-		-		0.05		0.44		-0.09		0.52		-0.02		0.49																																										Condition		UL		UL/DTX		DL		UL		UL/DTX		DL		CMOS		S(test)		2-Tailed T		Prefered		Equivalent

				3		MNRU-12		-		-		MNRU-16		-		-		-0.59		0.41		-0.47		0.47		-0.53		0.44																																										7		AMR/NS1@7.4		On		-		AMR@7.4		On		-		0.880		0.65		0.0919		Pass		Pass

				4		MNRU-12		-		-		Direct		-		-		-1.20		0.67		-1.25		0.64		-1.22		0.65																																										8		AMR/NS2@7.4		On		-		AMR@7.4		On		-		1.255		0.81		0.1155		Pass		Pass

				5		MNRU-12		-		-		MNRU-Q1		-		-		-0.28		0.45		-0.24		0.45		-0.26		0.45																																										9		AMR/NS3@7.4		On		-		AMR@7.4		On		-		0.859		0.59		0.0834		Pass		Pass

				6		MNRU-12		-		-		MNRU-Q2		-		-		-0.24		0.48		-0.26		0.45		-0.25		0.46																																										10		AMR/NS4@7.4		On		-		AMR@7.4		On		-		0.839		0.71		0.1001		Pass		Pass

		NS1		7		AMR/NS1@7.4		On		-		AMR@7.4		On		-		0.98		0.59		0.78		0.69		0.88		0.65																																										11		AMR/NS5@7.4		On		-		AMR@7.4		On		-		0.917		0.65		0.0919		Pass		Pass

		NS2		8		AMR/NS2@7.4		On		-		AMR@7.4		On		-		1.32		0.78		1.19		0.85		1.26		0.81																																										12		AMR/NS6@7.4		On		-		AMR@7.4		On		-		1.198		0.84		0.1198		Pass		Pass

		NS3		9		AMR/NS3@7.4		On		-		AMR@7.4		On		-		0.91		0.58		0.81		0.60		0.86		0.59																																										13		AMR/NS1@7.4		On		AMR/NS1@12.2		AMR@7.4		On		AMR@12.2		1.208		1.06		0.1508		Pass		Pass

		NS4		10		AMR/NS4@7.4		On		-		AMR@7.4		On		-		0.92		0.71		0.76		0.70		0.84		0.71																																										14		AMR/NS2@7.4		On		AMR/NS2@12.2		AMR@7.4		On		AMR@12.2		1.099		1.12		0.1584		Pass		Pass

		NS5		11		AMR/NS5@7.4		On		-		AMR@7.4		On		-		0.95		0.69		0.89		0.61		0.92		0.65																																										15		AMR/NS3@7.4		On		AMR/NS3@12.2		AMR@7.4		On		AMR@12.2		1.000		0.97		0.1373		Pass		Pass

		NS6		12		AMR/NS6@7.4		On		-		AMR@7.4		On		-		1.45		0.74		0.95		0.88		1.20		0.84																																										16		AMR/NS4@7.4		On		AMR/NS4@12.2		AMR@7.4		On		AMR@12.2		1.297		1.09		0.1553		Pass		Pass

		NS1		13		AMR/NS1@7.4		On		AMR/NS1@12.2		AMR@7.4		On		AMR@12.2		1.08		1.16		1.33		0.95		1.21		1.06																																										17		AMR/NS5@7.4		On		AMR/NS5@12.2		AMR@7.4		On		AMR@12.2		1.297		0.96		0.1368		Pass		Pass

		NS2		14		AMR/NS2@7.4		On		AMR/NS2@12.2		AMR@7.4		On		AMR@12.2		1.01		1.08		1.19		1.16		1.10		1.12																																										18		AMR/NS6@7.4		On		AMR/NS6@12.2		AMR@7.4		On		AMR@12.2		1.328		1.17		0.1666		Pass		Pass

		NS3		15		AMR/NS3@7.4		On		AMR/NS3@12.2		AMR@7.4		On		AMR@12.2		1.15		0.92		0.85		1.01		1.00		0.97																																										19		AMR/NS1@7.4		Off		AMR/NS1@12.2		AMR@7.4		Off		AMR@12.2		1.255		0.94		0.1338		Pass		Pass

		NS4		16		AMR/NS4@7.4		On		AMR/NS4@12.2		AMR@7.4		On		AMR@12.2		1.18		1.18		1.42		1.00		1.30		1.09																																										20		AMR/NS2@7.4		Off		AMR/NS2@12.2		AMR@7.4		Off		AMR@12.2		1.255		0.98		0.1396		Pass		Pass

		NS5		17		AMR/NS5@7.4		On		AMR/NS5@12.2		AMR@7.4		On		AMR@12.2		1.38		0.95		1.22		0.98		1.30		0.96																																										21		AMR/NS3@7.4		Off		AMR/NS3@12.2		AMR@7.4		Off		AMR@12.2		1.000		0.94		0.1338		Pass		Pass

		NS6		18		AMR/NS6@7.4		On		AMR/NS6@12.2		AMR@7.4		On		AMR@12.2		1.28		1.20		1.38		1.16		1.33		1.17																																										22		AMR/NS4@7.4		Off		AMR/NS4@12.2		AMR@7.4		Off		AMR@12.2		1.094		1.01		0.1431		Pass		Pass

		NS1		19		AMR/NS1@7.4		Off		AMR/NS1@12.2		AMR@7.4		Off		AMR@12.2		1.45		0.86		1.06		0.99		1.26		0.94																																										23		AMR/NS5@7.4		Off		AMR/NS5@12.2		AMR@7.4		Off		AMR@12.2		1.125		1.07		0.1523		Pass		Pass

		NS2		20		AMR/NS2@7.4		Off		AMR/NS2@12.2		AMR@7.4		Off		AMR@12.2		1.26		1.02		1.25		0.96		1.26		0.98																																										24		AMR/NS6@7.4		Off		AMR/NS6@12.2		AMR@7.4		Off		AMR@12.2		1.240		1.21		0.1719		Pass		Pass

		NS3		21		AMR/NS3@7.4		Off		AMR/NS3@12.2		AMR@7.4		Off		AMR@12.2		1.00		0.97		1.00		0.92		1.00		0.94																																																												# Failures =		0		0

		NS4		22		AMR/NS4@7.4		Off		AMR/NS4@12.2		AMR@7.4		Off		AMR@12.2		1.23		1.01		0.96		1.00		1.09		1.01

		NS5		23		AMR/NS5@7.4		Off		AMR/NS5@12.2		AMR@7.4		Off		AMR@12.2		1.11		1.06		1.14		1.10		1.13		1.07

		NS6		24		AMR/NS6@7.4		Off		AMR/NS6@12.2		AMR@7.4		Off		AMR@12.2		1.18		1.18		1.30		1.25		1.24		1.21
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MNRU-12 vs MNRU-Q2
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CMOS Score
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				Experiment 9A: AMR-NS Test Results - Test Lab ATT - Language ENGLISH

				Performances in Background Noise: Influence of VAD/DTX (Option 2) - Street Noise at 9dB SNR

				Error free on both UL and DL

				CCR Test

				Conditions:		24

				Vote/Condition:		4 talkers * 2 orders * 24 subjects =				192

						Processed Codec/MNRU						Reference Codec/MNRU						Males Talkers				Females Talkers				All Talkers																																																										t(0.05,382)		1.65		1-tailed

				Condition		UL		UL/DTX		DL		UL		UL/DTX		DL		CMOS		s		CMOS		s		CMOS		s																																																								t(0.05,382)		1.97		2-tailed

				1		Direct		-		-		Direct		-		-		-0.14		0.42		0.15		0.47		0.01		0.47																																												Processed Codec						Reference Codec						n		192		Primary

				2		AMR@7.4		-		-		AMR@7.4		-		-		0.02		0.34		-0.09		0.30		-0.04		0.33																																										Condition		UL		UL/DTX		DL		UL		UL/DTX		DL		CMOS		S(test)		2-Tailed T		Prefered		Equivalent

				3		MNRU-12		-		-		MNRU-16		-		-		-0.78		0.48		-0.61		0.42		-0.70		0.46																																										7		AMR/NS1@7.4		On		-		AMR@7.4		On		-		0.307		0.53		0.0752		Pass		Pass

				4		MNRU-12		-		-		Direct		-		-		-1.49		0.57		-1.42		0.60		-1.45		0.58																																										8		AMR/NS2@7.4		On		-		AMR@7.4		On		-		0.287		0.56		0.0796		Pass		Pass

				5		MNRU-12		-		-		MNRU-Q1		-		-		-0.13		0.51		-0.40		0.45		-0.26		0.50																																										9		AMR/NS3@7.4		On		-		AMR@7.4		On		-		0.406		0.59		0.0838		Pass		Pass

				6		MNRU-12		-		-		MNRU-Q2		-		-		-0.46		0.55		-0.68		0.41		-0.57		0.50																																										10		AMR/NS4@7.4		On		-		AMR@7.4		On		-		0.521		0.56		0.0797		Pass		Pass

		NS1		7		AMR/NS1@7.4		On		-		AMR@7.4		On		-		0.42		0.52		0.20		0.52		0.31		0.53																																										11		AMR/NS5@7.4		On		-		AMR@7.4		On		-		0.193		0.50		0.0708		Pass		Pass

		NS2		8		AMR/NS2@7.4		On		-		AMR@7.4		On		-		0.28		0.61		0.29		0.51		0.29		0.56																																										12		AMR/NS6@7.4		On		-		AMR@7.4		On		-		0.505		0.75		0.1062		Pass		Pass

		NS3		9		AMR/NS3@7.4		On		-		AMR@7.4		On		-		0.46		0.60		0.35		0.58		0.41		0.59																																										13		AMR/NS1@7.4		On		AMR/NS1@12.2		AMR@7.4		On		AMR@12.2		-0.073		0.74		0.1045		Fail		Pass

		NS4		10		AMR/NS4@7.4		On		-		AMR@7.4		On		-		0.59		0.50		0.45		0.61		0.52		0.56																																										14		AMR/NS2@7.4		On		AMR/NS2@12.2		AMR@7.4		On		AMR@12.2		0.000		0.84		0.1196		Fail		Pass

		NS5		11		AMR/NS5@7.4		On		-		AMR@7.4		On		-		0.21		0.52		0.18		0.48		0.19		0.50																																										15		AMR/NS3@7.4		On		AMR/NS3@12.2		AMR@7.4		On		AMR@12.2		0.188		0.74		0.1056		Pass		Pass

		NS6		12		AMR/NS6@7.4		On		-		AMR@7.4		On		-		0.50		0.71		0.51		0.80		0.51		0.75																																										16		AMR/NS4@7.4		On		AMR/NS4@12.2		AMR@7.4		On		AMR@12.2		0.156		0.83		0.1184		Pass		Pass

		NS1		13		AMR/NS1@7.4		On		AMR/NS1@12.2		AMR@7.4		On		AMR@12.2		-0.18		0.73		0.03		0.73		-0.07		0.74																																										17		AMR/NS5@7.4		On		AMR/NS5@12.2		AMR@7.4		On		AMR@12.2		0.328		0.79		0.1117		Pass		Pass

		NS2		14		AMR/NS2@7.4		On		AMR/NS2@12.2		AMR@7.4		On		AMR@12.2		0.01		0.73		-0.01		0.95		0.00		0.84																																										18		AMR/NS6@7.4		On		AMR/NS6@12.2		AMR@7.4		On		AMR@12.2		-0.214		1.14		0.1614		Fail		Fail

		NS3		15		AMR/NS3@7.4		On		AMR/NS3@12.2		AMR@7.4		On		AMR@12.2		0.09		0.80		0.28		0.68		0.19		0.74																																										19		AMR/NS1@7.4		Off		AMR/NS1@12.2		AMR@7.4		Off		AMR@12.2		-0.005		0.86		0.1225		Fail		Pass

		NS4		16		AMR/NS4@7.4		On		AMR/NS4@12.2		AMR@7.4		On		AMR@12.2		0.32		0.81		-0.01		0.83		0.16		0.83																																										20		AMR/NS2@7.4		Off		AMR/NS2@12.2		AMR@7.4		Off		AMR@12.2		-0.010		0.93		0.1326		Fail		Pass

		NS5		17		AMR/NS5@7.4		On		AMR/NS5@12.2		AMR@7.4		On		AMR@12.2		0.19		0.90		0.47		0.64		0.33		0.79																																										21		AMR/NS3@7.4		Off		AMR/NS3@12.2		AMR@7.4		Off		AMR@12.2		0.370		0.72		0.1015		Pass		Pass

		NS6		18		AMR/NS6@7.4		On		AMR/NS6@12.2		AMR@7.4		On		AMR@12.2		-0.19		1.23		-0.24		1.05		-0.21		1.14																																										22		AMR/NS4@7.4		Off		AMR/NS4@12.2		AMR@7.4		Off		AMR@12.2		-0.135		0.88		0.1242		Fail		Fail

		NS1		19		AMR/NS1@7.4		Off		AMR/NS1@12.2		AMR@7.4		Off		AMR@12.2		-0.03		0.77		0.02		0.95		-0.01		0.86																																										23		AMR/NS5@7.4		Off		AMR/NS5@12.2		AMR@7.4		Off		AMR@12.2		0.214		0.76		0.1073		Pass		Pass

		NS2		20		AMR/NS2@7.4		Off		AMR/NS2@12.2		AMR@7.4		Off		AMR@12.2		-0.13		1.02		0.10		0.84		-0.01		0.93																																										24		AMR/NS6@7.4		Off		AMR/NS6@12.2		AMR@7.4		Off		AMR@12.2		-0.094		1.21		0.1717		Fail		Pass

		NS3		21		AMR/NS3@7.4		Off		AMR/NS3@12.2		AMR@7.4		Off		AMR@12.2		0.29		0.77		0.45		0.65		0.37		0.72																																																												# Failures =		7		2

		NS4		22		AMR/NS4@7.4		Off		AMR/NS4@12.2		AMR@7.4		Off		AMR@12.2		-0.02		0.78		-0.25		0.96		-0.14		0.88

		NS5		23		AMR/NS5@7.4		Off		AMR/NS5@12.2		AMR@7.4		Off		AMR@12.2		0.10		0.74		0.32		0.77		0.21		0.76

		NS6		24		AMR/NS6@7.4		Off		AMR/NS6@12.2		AMR@7.4		Off		AMR@12.2		-0.08		1.15		-0.10		1.28		-0.09		1.21
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MOS
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		NS1		NS1		NS1

		NS2		NS2		NS2

		NS3		NS3		NS3

		NS4		NS4		NS4

		NS5		NS5		NS5

		NS6		NS6		NS6



AMR/NS@7.4 w/DTX UL

AMR/NS@7.4 w/DTX UL - AMR/NS@12.2 DL

AMR@7.4 UL - AMR/NS@12.2 DL

NS Candidates

CMOS Score

Candidate Conditions

0.3073

-0.0729

-0.0052

0.2865

0

-0.0104

0.4062

0.1875

0.3698

0.5208

0.1562

-0.1354

0.1927

0.3281

0.2135

0.5052

-0.2135

-0.0938



		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



UL w/DTX - Male

UL w/DTX - Female

NS UL w/DTX | NS DL - Male

NS UL w/DTX | NS DL - Female

UL | NS DL - Male

UL | NS DL - Female

NS Candidates

CMOS Score

Candidate Conditions



		0.0052		-0.0365		-0.6979		-1.4531		-0.2604		-0.5677



Direct vs Direct

AMR@7.4 vs AMR@7.4

MNRU-12 vs MNRU-16

MNRU-12 vs Direct

MNRU-12 vs MNRU-Q1

MNRU-12 vs MNRU-Q2

Condition

CMOS Score

Reference Conditions



		

				Experiment 9A: AMR-NS Test Results - Test Lab ATT - Language MANDARIN

				Performances in Background Noise: Influence of VAD/DTX (Option 2) - Street Noise at 9dB SNR

				Error free on both UL and DL

				CCR Test

				Conditions:		24

				Vote/Condition:		4 talkers * 2 orders * 24 subjects =				192

						Processed Codec/MNRU						Reference Codec/MNRU						Males Talkers				Females Talkers				All Talkers																																																										t(0.05,382)		1.65		1-tailed

				Condition		UL		UL/DTX		DL		UL		UL/DTX		DL		CMOS		s		CMOS		s		CMOS		s																																																								t(0.05,382)		1.97		2-tailed

				1		Direct		-		-		Direct		-		-		0.09		0.46		0.00		0.46		0.05		0.46																																												Processed Codec						Reference Codec						n		192		Primary

				2		AMR@7.4		-		-		AMR@7.4		-		-		-0.01		0.51		0.15		0.42		0.07		0.47																																										Condition		UL		UL/DTX		DL		UL		UL/DTX		DL		CMOS		S(test)		2-Tailed T		Prefered		Equivalent

				3		MNRU-12		-		-		MNRU-16		-		-		-0.48		0.57		-0.56		0.60		-0.52		0.58																																										7		AMR/NS1@7.4		On		-		AMR@7.4		On		-		0.370		0.77		0.1086		Pass		Pass

				4		MNRU-12		-		-		Direct		-		-		-1.15		0.79		-1.20		0.78		-1.17		0.78																																										8		AMR/NS2@7.4		On		-		AMR@7.4		On		-		0.417		0.74		0.1053		Pass		Pass

				5		MNRU-12		-		-		MNRU-Q1		-		-		-0.25		0.52		-0.42		0.43		-0.33		0.48																																										9		AMR/NS3@7.4		On		-		AMR@7.4		On		-		0.281		0.64		0.0908		Pass		Pass

				6		MNRU-12		-		-		MNRU-Q2		-		-		-0.41		0.62		-0.60		0.55		-0.51		0.59																																										10		AMR/NS4@7.4		On		-		AMR@7.4		On		-		0.438		0.67		0.0956		Pass		Pass

		NS1		7		AMR/NS1@7.4		On		-		AMR@7.4		On		-		0.32		0.72		0.42		0.81		0.37		0.77																																										11		AMR/NS5@7.4		On		-		AMR@7.4		On		-		0.375		0.64		0.0903		Pass		Pass

		NS2		8		AMR/NS2@7.4		On		-		AMR@7.4		On		-		0.48		0.74		0.35		0.74		0.42		0.74																																										12		AMR/NS6@7.4		On		-		AMR@7.4		On		-		0.604		0.91		0.1294		Pass		Pass

		NS3		9		AMR/NS3@7.4		On		-		AMR@7.4		On		-		0.45		0.48		0.11		0.74		0.28		0.64																																										13		AMR/NS1@7.4		On		AMR/NS1@12.2		AMR@7.4		On		AMR@12.2		0.005		1.10		0.1559		Fail		Pass

		NS4		10		AMR/NS4@7.4		On		-		AMR@7.4		On		-		0.31		0.59		0.56		0.73		0.44		0.67																																										14		AMR/NS2@7.4		On		AMR/NS2@12.2		AMR@7.4		On		AMR@12.2		0.188		1.05		0.1486		Pass		Pass

		NS5		11		AMR/NS5@7.4		On		-		AMR@7.4		On		-		0.32		0.58		0.43		0.69		0.38		0.64																																										15		AMR/NS3@7.4		On		AMR/NS3@12.2		AMR@7.4		On		AMR@12.2		0.000		1.11		0.1568		Fail		Pass

		NS6		12		AMR/NS6@7.4		On		-		AMR@7.4		On		-		0.61		0.88		0.59		0.95		0.60		0.91																																										16		AMR/NS4@7.4		On		AMR/NS4@12.2		AMR@7.4		On		AMR@12.2		0.109		1.17		0.1657		Fail		Pass

		NS1		13		AMR/NS1@7.4		On		AMR/NS1@12.2		AMR@7.4		On		AMR@12.2		0.03		1.00		-0.02		1.20		0.01		1.10																																										17		AMR/NS5@7.4		On		AMR/NS5@12.2		AMR@7.4		On		AMR@12.2		0.208		0.96		0.1364		Pass		Pass

		NS2		14		AMR/NS2@7.4		On		AMR/NS2@12.2		AMR@7.4		On		AMR@12.2		0.32		0.98		0.05		1.10		0.19		1.05																																										18		AMR/NS6@7.4		On		AMR/NS6@12.2		AMR@7.4		On		AMR@12.2		-0.130		1.36		0.1932		Fail		Pass

		NS3		15		AMR/NS3@7.4		On		AMR/NS3@12.2		AMR@7.4		On		AMR@12.2		0.10		0.98		-0.10		1.22		0.00		1.11																																										19		AMR/NS1@7.4		Off		AMR/NS1@12.2		AMR@7.4		Off		AMR@12.2		-0.031		1.19		0.1688		Fail		Pass

		NS4		16		AMR/NS4@7.4		On		AMR/NS4@12.2		AMR@7.4		On		AMR@12.2		-0.02		1.18		0.24		1.15		0.11		1.17																																										20		AMR/NS2@7.4		Off		AMR/NS2@12.2		AMR@7.4		Off		AMR@12.2		-0.026		1.09		0.1549		Fail		Pass

		NS5		17		AMR/NS5@7.4		On		AMR/NS5@12.2		AMR@7.4		On		AMR@12.2		0.50		0.94		-0.08		0.90		0.21		0.96																																										21		AMR/NS3@7.4		Off		AMR/NS3@12.2		AMR@7.4		Off		AMR@12.2		-0.010		1.10		0.1558		Fail		Pass

		NS6		18		AMR/NS6@7.4		On		AMR/NS6@12.2		AMR@7.4		On		AMR@12.2		0.13		1.28		-0.39		1.41		-0.13		1.36																																										22		AMR/NS4@7.4		Off		AMR/NS4@12.2		AMR@7.4		Off		AMR@12.2		0.135		1.20		0.1696		Fail		Pass

		NS1		19		AMR/NS1@7.4		Off		AMR/NS1@12.2		AMR@7.4		Off		AMR@12.2		-0.13		1.21		0.06		1.18		-0.03		1.19																																										23		AMR/NS5@7.4		Off		AMR/NS5@12.2		AMR@7.4		Off		AMR@12.2		0.078		0.98		0.1386		Fail		Pass

		NS2		20		AMR/NS2@7.4		Off		AMR/NS2@12.2		AMR@7.4		Off		AMR@12.2		-0.04		1.04		-0.01		1.15		-0.03		1.09																																										24		AMR/NS6@7.4		Off		AMR/NS6@12.2		AMR@7.4		Off		AMR@12.2		-0.063		1.45		0.2057		Fail		Pass

		NS3		21		AMR/NS3@7.4		Off		AMR/NS3@12.2		AMR@7.4		Off		AMR@12.2		0.21		1.03		-0.23		1.13		-0.01		1.10																																																												# Failures =		10		0

		NS4		22		AMR/NS4@7.4		Off		AMR/NS4@12.2		AMR@7.4		Off		AMR@12.2		0.21		1.23		0.06		1.17		0.14		1.20

		NS5		23		AMR/NS5@7.4		Off		AMR/NS5@12.2		AMR@7.4		Off		AMR@12.2		0.21		0.95		-0.05		1.00		0.08		0.98

		NS6		24		AMR/NS6@7.4		Off		AMR/NS6@12.2		AMR@7.4		Off		AMR@12.2		0.15		1.55		-0.27		1.32		-0.06		1.45
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		NS1		NS1		NS1

		NS2		NS2		NS2

		NS3		NS3		NS3

		NS4		NS4		NS4

		NS5		NS5		NS5

		NS6		NS6		NS6



AMR/NS@7.4 w/DTX UL

AMR/NS@7.4 w/DTX UL - AMR/NS@12.2 DL

AMR@7.4 UL - AMR/NS@12.2 DL

NS Candidates

CMOS Score

Candidate Conditions

0.3698

0.0052

-0.0312

0.4167

0.1875

-0.026

0.2812

0

-0.0104

0.4375

0.1094

0.1354

0.375

0.2083

0.0781

0.6042

-0.1302

-0.0625



		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



UL w/DTX - Male

UL w/DTX - Female

NS UL w/DTX | NS DL - Male

NS UL w/DTX | NS DL - Female

UL | NS DL - Male

UL | NS DL - Female

NS Candidates

CMOS Score

Candidate Conditions



		0.0469		0.0677		-0.5208		-1.1719		-0.3333		-0.5052



Direct vs Direct

AMR@7.4 vs AMR@7.4

MNRU-12 vs MNRU-16

MNRU-12 vs Direct

MNRU-12 vs MNRU-Q1

MNRU-12 vs MNRU-Q2

Condition

CMOS Score

Reference Conditions




