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***** CHANGE 1 (based on S4-180157) *****
5.2.1.1.2
Max PLR recommendation with Application Layer Redundancy

Application layer redundancy can work in conjunction with any of the aforementioned codec modes in Table 5.1, and may in general improve the Max. PLR operating points. 


Table 5.2 provides example Maximum PLR operating points with and without application layer redundancy applicable to EVS codec based on informal objective and subjective results in Annex A. 
The example includes 100% application layer redundancy with offset 2, resulting in (2 x Bitrate). 
Editor’s Note: The relationship to path loss when operating at twice the bit rate is not accounted in the Max. PLR value in Table 5.2. 
[
Table 5.2: Example Maximum End-to-end Packet Loss Rate (PLR) with application layer redundancy

	Codec
	Robustness Parameter
	Maximum End-to-end Packet Loss Rate 

	No application layer redundancy, EVS (@ bitrate of R kb/s)

	-
	X %

	With 100% application layer redundancy, EVS (@ bitrate of 2xR kb/s), Offset=2.


	-
	X + (2 to 5) %


]
***** CHANGE 2 (based on S4-180157, S4-180149, S4-180150) *****
Annex A: Informal Objective and Subjective Experiments for Obtaining Max. PLR Operating Points with and without Application Layer Redundancy 

Experiment A.1
MOS LQO statistics of certain example codec operating points as per Table 5.1 in Clause 5.2.1.1 are presented in Figure A.1.  The ITU-T P.863.1 recommendation is used to generate the MOS-LQO statistics over Clean speech (North American English database, 4 male, 4 female talkers, 5 sentences pairs (8 sec) per talker), over frame erasure rates of 3%-10%. 

VoLTE Delay loss profiles 7, 8, 9, and 10 that were used in EVS Characterization testing (TR 26.952, Experiment S1) are used to obtain the MOS-LQO statistics for EVS 13.2 SWB, 13.2 CA SWB Offset 3, 2x7.2, 2x13.2, 2x13.2 CA, and IO 23.85. The experiment includes 100% application layer redundancy with Offset 2, resulting in 2xbitrate. 
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Figure A.1. ITU-T P.863.1 MOS-LQO statistics of different codec operating points (as per Table 5.1) at different FER ranges with and without application layer redundancy.
Experiment A.2
Unlike Experiment A.1 that was based on the VoLTE delay profiles, this experiment was based on random channel errors (at FER of 3, 6, 9, and 12%) without Jitter from EVS qualification scripts. The simulation included 100% application-layer redundancy (offset=2). Loss patterns were generated as in EVS qualification with the 'gen-patt' tool from ITU-T STL with gamma=1 (i.e. Gilbert model operated with random errors and no memory). Packet loss patterns used a random generation with a uniform i.i.d distribution, therefore the performance with 100% application-layer redundancy at PLR rate p corresponds to the performance without redundancy at PLR rate p2 (in the asymptotic case). This is a conservative case as it does not include the Jitter and other bursty channel characteristics of a VoLTE profile. 
As an example EVS configuration with br=9.6-24.4 kbit/s, bw=swb, one may enable the 2*9.6 kb/s (redundancy) condition in the allowed bearer. For other configurations, e.g., br=5.9-24.4, bw=nb-swb, the application layer redundancy can exercise many different options, e.g., 2x5.9, 3x5.9, 2x7.2, 3x7.2, 2x8, 3x8, and 2x9.6 within the allowed bearer. 
From Figure A.2 the maximum PLR operating point with application layer redundancy is about 3% more than without application layer redundancy (i.e., 9.6 kbps at 6% FER and 24.4 kbps at 3% FER). This analysis does not take into account the corresponding path loss characteristics at higher bitrates and is a conservative estimate. 
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Figure A.2. Test results for EVS Primary (SWB) performance in loss conditions, with and without application-layer redundancy.

Experiment A.3.
The P.800 ACR test methodology was used to study the Max. PLR operating points with application layer redundancy in addition to the objective experiments A.1 and A.2.
The test included 48 conditions and used Listening level at 73 dB SPL (diotic listening with Sennheiser 380Pro), 48 naive listeners (6 panels of 8 listeners), 24 clean speech samples with 4 talkers and 6 samples per talker. Further the test included 1152 processed sequences with 24 blocks for 6 panels (of 8 listeners), 4 blocks per panel. Each block contained 48 conditions and 4 talkers equally. 

The number of votes per condition was 4 x 48 = 192. The overall listening/scoring duration was around 42 min for each subject (192 x approx. 13s), without the training session (12 samples) and breaks.  Only random loss conditions (with no memory) were used with the following target PLR: noisy1 at 3%, noisy2 at 6%, noisy3 at 9%, and noisy4 at 12%.

The processing was done by extending EVS qualification scripts (Experiment J for SWB with noisy channel). The EVS codec was the latest fixed-point version (TS 26.442 v14.1). The overall number of processing frames was 10,100 (24*8*50 frames of speech, with a 10s silence preamble accounting for 500 frames). All EVS test conditions had DTX activated (DTX on).  Application-layer redundancy was applied only to active frames. 
The EVS encoding algorithm was not modified - only the bitstream output was changed by using an extra buffer (queue) of encoded frames outside the main encoding loop to produce a G.192-extended bitstream including 100% redundancy at a given offset. The EVS decoder was extended to use a fixed buffer with some extra delay to allow using redundant frame at a given offset; besides this modified bitstream pre-processing, the EVS decoding algorithm was not changed.  In the test, the offset was set to 2 for both 100% application-layer redundancy and EVS 13.2 channel-aware (with FEC indicator set to HI).  

A summary of test results for the experiment is provided in Figure A.3. This bar chart shows the average scores with 95% confidence intervals for all 48 conditions (with reference conditions followed by test conditions at 0, 3, 6, 9, 12% PLR). The 100% application-layer conditions are identified with the '2x' label.
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Figure A.3. P.800 ACR subjective test results (SWB, clean speech).

Observations from Experiment A.3:
The test is based on the P.800 ACR unlike the P.800 DCR subjective test methodology that was used in the EVS SWB qualification, selection and characterization testing. With the P.800 ACR test, EVS SWB conditions as shown in blue bar chart in Figure A.3 is providing a reduced subjective quality resolution. EVS at 2x7.2 kbps was not included in the test and cannot make a direct comparison to EVS 13.2 kbps or the most robust codec mode 13.2 kbps CA mode as per Table 5.1 for a similar bit rate. The channel conditions considered in this test were limited to random losses (with no memory). Further tests considering delay/loss profiles that reflect realistic VoLTE conditions are desirable. This will add other factors such as channel memory and the influence of jitter buffer with time scaling artifacts. Loss patterns were not constrained to be embedded as a function of increasing PLR, therefore slightly irregular MOS variation across PLR was expected.
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