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This document is a follow up to Tdoc S4-99273, which included quality performance diagrams of the AMR speech codec modes as a function of the FER and RBER. These results were derived from the GSM AMR Characterization test results as reported in the technical report GSM 06.75.

After verification, it turned out that few diagrams (especially those in Full Rate) presented in that document were slightly affected by a wrong extrapolation for empty cells (which were not totally empty). In some cases, the shape of the curve was slightly modified for low error rates but never affected for high error rates. The following figures show the difference between one original diagram included in S4-99273 for the speech codecs performances in Full Rate and car noise as a function of the FER, and the same diagram after emptying the empty cells.
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Quality Degradation function of FER
Quality Degradation function of FER

(Car Noise FR Test Results) as reported in S4-99273
(Car Noise FR Test Results) after correction of the spreadsheet

Another problem with these diagrams, derived form the actual MOS scores, is that the performances of some speech codecs appear to be slighter improved in presence of few propagation errors when compared to the performances in No Errors conditions.

Since it was decided at TSG-S4#7 to report some of these results in the technical report 26.912 on the ‘Quantitative Evaluation of the H.324 Annex C over 3G’,it is proposed to adjust the original diagrams to remove these unwanted waves on the curves. This document contains in separate attachments a proposal for a new Annex to the AMR characterization plan (GSM 06.75) with the full set of modified diagrams (MOS only) and a proposal for the section 5.1 and Annex A of the TR 26.912 on the performances of the Audio Codecs.
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4.4
Presentation of the following sections

The following sections provide a summary of the Characterisation Phase test results and background information on the codec performances analysed during the Verification Phase.

Sections 5 to 9 summarise the codec subjective quality performances under different representative environmental conditions as measured during the Characterisation Phase of the project. An overview of the Characterisation Phase is included in Annex A. Additional test results are also provided in Annex C and D.

Sections 10 to 16 provide information on the codec characteristics as reported during the Verification Phase including:

-
The transparency to DTMF tones,
-
The transparency to network signalling tones
-
The performances special input signals
-
The language and talker dependency
-
The frequency response
-
The transmission delay
-
The complexity

Annex B lists the reference contributions used in these sections.

Annex D: AMR Performances as a function of FER and RBER
In this annex, the characterization test results are charted as a function of the Frame Erasure Rate (FER) or Residual Bit Error Rate (RBER) as measured for each Error Pattern used for the subjective listening tests. They are provided as an indication of the quality degradation to be expected for the implementation of the AMR speech codec in 3G networks.

In the following diagrams, the quality degradation is expressed in MOS (or DMOS) obtained by comparing the MOS (or DMOS) obtained by the different codecs for each impairment condition with the MOS (or DMOS) obtained by the EFR in Error Free in the same experiment.

The results were compiled as explained below:

-
In all cases, the results represent the average scores obtained over all tests performed for each experiment as compiled in [D1]

-
The reference is always EFR in Error Free as measured in the same experiment.

-
The charts in clean speech (Figures D1a-D1d) were obtained from the Characterization test results for Experiments 1a and 1b (Test performed by AT&T and Berkom)

-
The charts in Car Noise (Figures D.a-D2d) were obtained from the Characterization test results for Experiments 3b and 3e (Test performed by France Telecom and Conexant)

-
The charts in Street Noise (Figures D3a-D3d) were obtained from the Characterization test results for Experiments 3a and 3d (Test performed by France Telecom and Conexant)

-
The charts in Office Noise (Figures D4a-D4e) were obtained from the Characterization test results for Experiments 3c and 3f (Test performed by France Telecom and Conexant)
-
In all cases, the actual results were manually altered to smoothen the shape of the curves.
-
The reference FER and RBER were extracted from [2] (document prepared in 12/98 for the selection of the AMR Channel Coding scheme).

It should also be noted that the diagrams function of the FER are affected by the Residual Bit Error Rate for each test condition, while the diagrams function of the RBER are also function of the FER present for each test condition. The two sets of diagrams cannot be considered totally independent.
Finally, it should be pointed out that the FER and RBER estimates used to derive these diagrams are based on the limited number of error patterns used for the AMR characterization phase. These could be affected by some inaccuracies that could explain the difference in shapes between the different speech codec modes.
These results can also be compared to previous indications provided by S4 to R1 and S2 regarding the robustness of the AMR Speech Codec (Ref [3] and [4]). The following section is extracted from a Liaison Statement sent to R1 [3], the same reference is also used in [4] (Liaison to S2):

The frame error rate required for producing high speech quality with only small quality degradation compared to error free speech is typically FER < 0.5%. This requirement guarantees retaining the maximum quality of, e.g., the GSM EFR codec. The quality then degrades gracefully with increasing frame error rate. This FER limit should be considered as a conservative figure.

1. Results in Clean Speech in MOS:
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[image: image5.emf]Perceived quality (MOS) degradation as a function of the FER
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Figure D1a: Quality Degradation function of FER
Figure D1b: Quality Degradation function of FER

(FR Test Results)
(HR Test Results)
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[image: image7.emf]Perceived quality (MOS) degradation as a function of the RBER

(HR Tests in Clean Speech)

-3.00

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

0.001% 0.010% 0.100% 1.000% 10.000%

RBER

DMOS

7.95 HR

7.4 HR

6.7 HR

5.9 HR

5.15 HR

4.75 HR



Figure D1c: Quality Degradation function of RBER
Figure D1d: Quality Degradation function of RBER

(FR Test Results)
(HR Test Results)

Comments on the previous results:

In clean speech, it appears that all codec modes do not show any significant quality degradation when the Frame Erasure Rate is lower than 0.5%. In some instances, the range can even be extended to 1% FER without any quality degradation.

It is also interesting to note that at 1% FER degradation, the highest codec modes (12.2 and 10.2) are still equivalent to the second tier of codec modes (7.95 to 5.9) in error free. Similarly, the middle range codec modes (7.95 to 5.9) present the same quality at 1% FER than the lower rate codec modes (5.15 & 4.75) in error free conditions.

The experiments in Half Rate have slightly increased the differences between the codecs and with EFR as could have been expected, but the same trends can be observed.

The results as a function of the RBER are also very similar with a different range of acceptable RBER. The different codec modes do not present any significant quality degradation when the RBER is below 0.1%.

2. Results in Car Noise:
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[image: image9.emf]Perceived quality (DMOS) degradation as a function of the FER
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Figure D2a: Quality Degradation function of FER
Figure D2b: Quality Degradation function of FER

(FR Test Results)
(HR Test Results)
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Figure D2c: Quality Degradation function of RBER
Figure D2d: Quality Degradation function of RBER

(FR Test Results)
(HR Test Results)

Comments on the previous results:

In car noise, no significant degradation is observed when the FER stays below 1% and the difference in quality between the different codecs is slightly amplified compared to the results clean speech.

3. Results in Street Noise:
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[image: image13.emf]Perceived quality (DMOS) degradation as a function of the FER
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Figure D3a: Quality Degradation function of FER
Figure D3b: Quality Degradation function of FER

(FR Test Results)
(HR Test Results)
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[image: image15.emf]Perceived quality (DMOS) degradation as a function of the RBER
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Figure D3c: Quality Degradation function of RBER
Figure D3d: Quality Degradation function of RBER

(FR Test Results)
(HR Test Results)

Comments on the previous results:

The results in street noise are in line with the previous results.

4. Results in Office Noise:
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[image: image17.emf]Perceived quality (DMOS) degradation as a function of the FER
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Figure D4a: Quality Degradation function of FER
Figure D4b: Quality Degradation function of FER

(FR Test Results)
(HR Test Results)
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Figure D4c: Quality Degradation function of RBER
Figure D4d: Quality Degradation function of RBER

(FR Test Results)
(HR Test Results)

Comments on the previous results:

Same comment for the results in Office Noise

References to Annex D:

[D1]:
AMR Characterization Combined Test Results (spreadsheet): SMG11 Tdoc 243/99, SMG11#10, June 4-11, 1999, Tampere, Finland

[D2]:
Annex 3 to the LS to SMG2 WPB on alternative AMR channel coding schemes: “Objective test results for alternative AMR channel coding schemes” from Ericsson/Nokia/Siemens SMG11 Tdoc 329/98, SMG11#8Bis, December 17, 1998, London Heathrow, UK

[D2]:
S4 LS to TSG-R1 “Response to the TSG-R1 LS on Speech Services” Tdoc 185R/99, TSG-S4#3, March 24-26, 1999, Yokosuka, Japan 
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S4 LS to TSG-S2, S2 QoS and R3 “Error resilience in real-time packet multimedia payloads” Tdoc 179R/99, TSG-S4#5, June 14-16, 1999, Miami, FL-USA
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Attachment 2: Content Proposal for Section 5.1 and Annex A of TR 26.912:

5.1
Audio

5.1.1
Introduction

This section provides a subset of the AMR Characterisation test results expressed as speech quality degradation (in MOS or DMOS) compared to the EFR speech codec in error free conditions, as a function of the FER (Frame Error Rate) and RBER( Residual Bit Error Rate). It is believed that these results would also apply to H.324M channel with equivalent error conditions. Additional results are provided in Annex A for test conditions under background noise (Car noise, Street noise and Office noise). The original test results are included in the AMR characterisation report (TR 26.975).

Quality performances of audio codecs in H.324M channels should be included in future versions of this document, as these results become available.

5.1.2
Results

The following diagrams present the speech quality degradation in clean speech (expressed in MOS) for the different AMR codec modes, as a function of the FER and RBER, when compared to the EFR speech codec in error free condition. In all cases, the results represent the average scores obtained over all tests performed for each experiment as compiled in the AMR Characterization report (TR 26.975). The EFR reference is taken from the score obtained by the EFR speech codec in error free in the same experiment.

The actual results were slightly altered to smoothen the curves’ shape.

Finally, it should also be noted that the diagrams function of the FER are actually affected by the Residual Bit Error Rate for each test condition, while the diagrams function of the RBER are also function of the FER present for each test condition. The two sets of diagrams cannot be considered totally independent. They are a reflection of the channel coding scheme selected for the GSM radio channels.

Finally, it should be pointed out that the FER and RBER estimates used to derive these diagrams are based on the limited number of error patterns used for the AMR characterization phase. These could be affected by some inaccuracies that could explain the difference in shapes between the different speech codec modes.
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Figure 2a: Quality Degradation function of FER
Figure 2b: Quality Degradation function of RBER

(FR Test Results)
(FR Test Results)

Comments on the previous results:

In clean speech, it appears that all AMR codec modes do not show any significant quality degradation when the Frame Erasure Rate is lower than 0.5%. In some instances, the range can even be extended to 1% FER without any quality degradation.

It is also interesting to note that at 1% FER degradation, the highest codec modes (12.2 and 10.2) are still equivalent to the second tier of codec modes (7.95 to 5.9) in error free. Similarly, the middle range codec modes (7.95 to 5.9) present the same quality at 1% FER than the lower rate codec modes (5.15 & 4.75) in error free conditions.

The results as a function of the RBER are quite similar with a different range of acceptable RBER. The AMR codec modes do not present any significant quality degradation when the RBER is below 0.1%.

Similar results under background noise conditions are provided in Annex A.

Annex A

The following diagrams are provided in complement to the AMR speech codec quality performance included in section of 5.1. They show the quality degradation induced by the different speech codec modes as a function of the FER and RBER in presence of background noise (car noise in Figures A1a & A1b, street noise in Figures A2a & A2b and Office noise in Figures A3a & A3b).

The same comments on the origin of the test results as provided in section 5.1 also apply to the following diagrams.

A.1
Results in Car Noise:
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Figure A2a: Quality Degradation function of FER
Figure A2b: Quality Degradation function of RBER

In car noise, no significant degradation is observed when the FER stays below 1% and the difference in quality between the different codecs is slightly amplified compared to the results clean speech.

A.2
Results in Street Noise:
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Figure A3a: Quality Degradation function of FER
Figure A3b: Quality Degradation function of RBER

The results in street noise are in line with the previous results.

A.3
Results in Office Noise:
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Figure A4a: Quality Degradation function of FER
Figure A4b: Quality Degradation function of RBER

Same comment for the results in Office Noise
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How to create a CR
Michael Sanders, 3GPP support team, (last updated 2/09/99)

1)
Open the CR cover sheet with MS Word 97. The lastest version of the CR coversheet can be found at:


ftp://ftp.3gpp.org/information/3gCRF-??.DOC


2)
Fill out all areas that are relevant on the CR cover sheet - only the areas that have yellow shading shall be filled out. See Annex A of these instructions for further detail. 


3)
Open the specification to which you wish to make a change. It is very IMPORTANT  to ensure that you are using the latest version of the specification to make the change. The latest versions of all approved 3G specifications is located at:


for the 3GPP:  ftp://ftp.3gpp.org/specifications/      for SMG: http://docbox.etsi.org/tech-org/document/smg/specs

Do a "save as" using a file name related to the tdoc number (e.g. T3-99123.DOC).

4)
If the formatting looks incorrect (most easily noticed by the fact that there is no space between paragraphs), it may be because you do not have the correct document sheet in your MS Word style directory. All 3GPP specification use the style sheet 3GPP_70.DOT. This can be downloaded from:



ftp://ftp.3gpp.org/information/3gpp_70.dot

5)
Go to the beginning of the heading of the first subclause which you want to change. Press <CTRL><SHIFT><HOME> to select everything before that point and delete it.


6)
Switch to the window in MS word that contains your CR cover sheet and do a <CTRL>A   <CTRL>C to select and copy the entire sheet (including the section break at the end). Switch back to the other window with the specification to be changed and paste it in.


7)
Between group of changed pages in the CR, insert a section break (insert / break / next page/)


8)
When all the changes have been made (using the "tools / track changes" feature of MS Word 97), the headers and page number need to be corrected other the headers will contain an error message like "error, reference not found". You can fix this by changing to page layout mode (view / page layout) to see the headers. Then, go to the menu item "view / header and footer", select the frame that contains the error message(s) ini the header and delete them (there are normally 2). Do not delete the page number in the middle. On the left side, write the spec name and current version number For example, "3G TS 21.111 version 3.0.0 (1999-04)". Go back to normal view.


9) 
For each group of changes, insert the correct starting page number. The number should be that which is a clean unmodified specification. It is only a guide to the reader only and so they can be +/- 1 page number wrong. Insert the page number using the following method. Go to the line following the first section break in your CR. Choose the menu item insert / page number / format / start at and insert the correct starting page number for that group of changes. click "OK" and then "CLOSE" (don't press "OK" at this last step). Repeat this step for each section break.


10)
When you have finished making all changes, go to "tools / track changes / highlight changes" and uncheck the "track changes while editing" box, otherwise the page numbers in the headers will be difficult to read. Make sure that the two other options in this box (highlight changes on screen" and "highlight changes in printed document" are both maked "X".


Examples of expressions of prevision in 3GPP specifications


To ensure that everybody else understands your proposed chnaged the same way that you do, it is very important to keep to the following rules:


SHALL: To be used to indicate a requirement. e.g. "The ME shall reset the USIM" is correct Do not use "The ME resets the USIM" or "the ME must reset the USIM"


SHOULD: To be used to indicate recommendation. i.e. if, among several possibilities one is recommended as particularly suitable, without mentioning or excluding others, or that a certain course of action is preferred but not necessarily required, or that (in the negative form) a certain possibility or course of action is deprecated but not prohibited.


MAY: To be used to indicate permission. To be used instead of phrases such as "is permitted", "is allowed" or is permissible". The opposite of "may" is "need not".


CAN: To be used to indicate possibility and capability. To be used instead of phrases such as "be able to", "there is a possibility of" or "it is possible to".


A more detailed guide to the 3GPP drafting rules can be found on the 3GPP server at:



ftp://ftp.3gpp.org/information/drafting-rules.pdf

ANNEX A   
The CR cover sheet


This annex provides further information on how to fill out the cover sheet of a CR.


The header:


a)
The header, including the TSG or Working Group, the tdoc number (normally obtinaed from the 3GPP support team) and the meeting location and date.


The title box:


b)
The change request number. This is a 3 digit number and is allocated by the 3GPP support team project manager of the relevant WG. For GSM specifications, it is prefixed with an "A"


c)
The 3G or GSM specification number (e.g. 21.111 for 3G or 12.05 for GSM).


d)
The TSG or SMG plenary meeting to which this CR will be submitted to if it gets agreed at the WG meeting. 


e)
for approval/for information: one box only shall be marked with an "X"


Proposed change affects:


f)
At least one box shall be marked with an "X"


Source:


g)
The company name of the author of the CR. If the CR has already been agreed at a Working groups or sub working group, meeting, the subgroup name ( and Tdoc number) should be used instead.


Subject:


h)
One line (only) of concise text that describes the subject of the CR. Details should be put under "reason for change"



good examples:
"Clarification to FETCH command"






"Alignment of operation and parameter names"



recently used



bad examples:
"correction"






"editorial correction"






"correction to TS xxx.yy"






"various improvements"


Work item:



h)
The name of the 3G work item for which the CR is relevant.


Category and release:


i)
Choose one category only


Reason:


j)
This should be 1 to 10 lines of text that describes in further detail the reasons why the change is necessary and how the change is done.


Clauses Affected:


m)
Each subclause that is affected by the change should be listed here. New subclause number can be followed by " (new) ".


Other specs affected:


n)
Other 3G core specifications: to be used if the CR is linked to a CR for another 3G specification.
Other 2G core specifications: to be used if a CR is also needed for a GSM or other 2G specification.



MS test specifications: to be used if a change is needed to the MS test specifications.



BSS test specifications: to be used if a change is needed to the base station test specifications.



O&M specifications: to be used if a change is needed to O&M specifications.



When listing other CRs in part n) use, for example, the form "21.111-CR001" or "12.05-A123"


______________________________________


How to create a CR for 3G or SMG specifications.


File location: http://ftp.3gpp.org/information/3gCRF-??.doc





