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5.1.2.1
Speech Intelligibility
This Clause presents results from a subjective intelligibility test, P.INTELL (as specified in ITU.T P.807 [x1]), conducted by an independent laboratory Dynastat, Inc.

P.INTELL - Method and Procedure
The P.INTELL test is designed to evaluate the Speech Intelligibility of eight test conditions. The experimental design of P.INTELL is based on the partially-balanced/randomized-blocks experimental design that has been used in most codec standardization testing efforts in the past decade for Speech Quality tests, i.e., tests described in ITU-T Rec. P.800. The partially-balanced/randomized-blocks experimental design is described and recommended in the ITU-T Handbook of Subjective Testing Practical Procedures. 

The test parameters for the P.INTELL test included:

· Eight test conditions

· Four talkers - two males and two females

· Four samples per talker, where "sample" is described in the next section

· 32 subjects - four panels of eight naive subjects, each panel with an independent randomization of the speech materials

Structure of the P.INTELL Test 

The P.INTELL source speech database includes 96 items, where each item is a pair of single-syllable English words. For half of the items, the words differ only in the initial consonant, i.e., rhyming word pairs. For the other half, the words differ only in the final consonant, i.e., alliterative word pairs. The critical consonants in both the rhyming and alliterative test-items differ only in a single Distinctive Feature, either Voicing, Nasality, Sustention, Sibilation, Graveness or Compactness. In P.INTELL a “sample” results from a single subject selecting one of two words for each of the 96 presentation pairs. Table 5.1.2.1-0 shows the P.INTELL test items with the six distinctive features, four samples, and four vowel/consonant start-stop characteristic.
 Table 5.1.2.1-0. P.INTELL test items
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Test Conditions
Table 5.1.2.1-1 shows the test conditions list to evaluate the speech intelligibility of the two codecs AMR-WB and the EVS-SWB CA. The AMR-WB at 12.65 kbps and EVS-SWB CA at 13.2 kbps are tested at the frame erasure rates of 2%, 8%, and 20%. The test also included the original un-coded signal.

Table 5.1.2.1-1. Test conditions list

	 
	Condition
	Bit Rate 

(kb/s)
	CA 

FEC-Offset
	DTX
	Uplink
	Downlink
	Noise
	SNR

	C1
	Un-coded with noise
	-
	-
	-
	-
	0%
	Siren
	5dB 

	C2
	AMRWB 2%FER
	12.65
	-
	on
	MTSI 2
	2%
	Siren
	5dB 

	C3
	AMRWB 8%FER
	12.65
	-
	on
	MTSI 2
	8%
	Siren
	5dB 

	C4
	AMRWB 20%FER
	12.65
	-
	on
	MTSI 2
	20%
	Siren
	5dB 

	C5
	EVS-SWB-CA 2% FER
	13.2
	3
	on
	MTSI 2
	2%
	Siren
	5dB 

	C6
	EVS-SWB-CA 8% FER
	13.2
	3
	on
	MTSI 2
	8%
	Siren
	5dB 

	C7
	EVS-SWB-CA 20% FER
	13.2
	3
	on
	MTSI 2
	20%
	Siren
	5dB 


The intelligibility test was conducted in high noise and in impaired channels. A background noise that mimics that of US police car Siren is mixed with the input source at 5 dB. The Siren noise characteristic is as shown in Figure 5.1.2.1-1 below (which has most of the noise energy around 500-1500 Hz). The following procedure is used for noise mixing (similar to that of the steps used in 3GPP tests): The input source is normalized to -26 dBov, and noise is scaled such that the Siren noise loudness is at -31 dBov. The normalized input source and the scaled noise is mixed at SNR of 5 dB. 

[image: image2.png]


  [image: image3.png](] Linear View

Cursor: 5953 H

Frequency

(Lines[~)

2, 77538

Reference: (0|

| deFs





(a)





(b)

Figure 5.1.2.1-1. An example Siren noise characteristic (a) spectrogram, (b) LT frequency response
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Figure 5.1.2.1-2. Steps to simulate impaired channel conditions
Figure 5.1.2.1-2 shows the steps to simulate the impaired channel conditions that combines the Markov model based error traces with the VoLTE uplink jitter and the MBMS/LTE-D downlink scheduler jitter. The steps are further elaborated below.

Step 1: Apply Markov channel models (Table A.1.2-3 in Annex A.1.2) to produce the error traces. 

Step 2: Simulate the eNB scheduling procedures described in Case1 in clause A.1.3.  This models the minimum amount of jitter that would be introduced in both the MBMS and LTE-D bearers and is caused by the MSP for MBMS (see clause 5.3.6) and a similar minimum scheduling period for LTE-D bearers. To simulate the VoLTE uplink jitter, the MTSI profile 2 is used.

Step 3: Convert the Markov model error traces to error profile. 

Step 4: For EVS, use the *.dat file and the following command lines to generate the decoder output.

For EVS SWB CA @13.2:

/* encoder */

evs_cod -dtx -rf 3 13200 32 input.pcm temp.pkt 

/* Network simulator */

networkSimulator_g192.exe v3_b10.dat  temp.pkt  temp_voip.pkt data.trace 1 0

/* decoder */

evs_dec -voip -tracefile temp 32 temp_voip.pkt   output.pcm

Step 5: For AMR-WB, the procedure is the same through the eNB scheduler simulation.  Then, since no JBM is available for AMR-WB, we used the 3GPP utility function (dlyerr_2_errpat.exe) made available by SA4 that simulates jitter-buffer handling, resulting in a circuit-switched packet file that can be passed to the normal AMR-WB decoder. 
For AMR-WB @12.65:

/* encoder */

amrwb_enc -dtx –itu 2 input.pcm temp.pkt

/* Delay to error pattern */

dlyerr_2_errpat.exe -L 22000 -d 200 -f 1 -w -s 0 -i v3_b10.dat -o   v3_b10.dat
eid-xor.exe -vbr -fer   temp.pkt  v3_b10.dat tempfer.pkt
/* decoder */

amrwb_dec.exe -itu tempfer.pkt output.pcm

Low jitter scenario – 3GPP EVS JBM Behavior
The 3GPP EVS JBM was used for testing in EVS selection and characterization tests. During the tests, the MTSI profiles 1 through 10 were used that are representative of VoLTE and HSPA, covering a wide range of jitter and packet losses. The informative 3GPP EVS JBM was never evaluated for other profiles such as MBMS. While investigating the MBMS downlink packet scheduler, a bug in the 3GPP EVS de-jitter buffer handling was uncovered in case of low jitter scenarios. In particular, the JBM was not exercising the partial copy recovery logic as it was locking up in a low jitter, high FER scenario. This scenario is a direct consequence of using the informative-only 3GPP JBM, which was developed specifically for EVS on VoLTE (not MBMS) using 3GPP VoLTE delay-loss profiles.  In Figure 5.1.2.1-2, we are simulating the test case using an approximation of the jitter based on modelling the MBMS downlink packet scheduler, which triggers the problem.  This does not happen for the delay-loss profiles derived from commercial VoLTE field testing. In the subjective evaluation testing that we conducted on Jan 07, 2016 the 3GPP EVS JBM included a bug fix provided by Fraunhofer IIS. A CR that addresses the JBM issue was agreed at the January SA4#87 meeting.  

Test Results – Summary 
Table 5.1.2.1-2 shows the summary of speech intelligibility test results (Means, Standard Deviations) for each of the test conditions involved in the experiment). Each value shown in the Table is based on 128 samples (32 subjects x 4 talkers). P.INTELL Scores are expressed as Percent Correct. Figure 5.1.2.1-3 shows the P.INTELL profile plots (i.e., Distinctive Feature scores) for the Test conditions c02 vs c05 FER 2%, c03 vs c06 FER 8%, and c04 vs c07 FER 20%.

Table 5.1.2.1-2. Test Results - summary
	 
	Condition
	Bit Rate
(kb/s)
	Mean Intel
	StdDev

	C1
	Uncoded (with noise)
	-
	92.87
	5.54

	C2
	AMRWB 2%FER
	12.65
	86.07
	7.25

	C3
	AMRWB 8%FER
	12.65
	80.83
	8.09

	C4
	AMRWB 20%FER
	12.65
	72.59
	10.69

	C5
	EVS-SWB-CA 2% FER
	13.2
	87.83
	6.85

	C6
	EVS-SWB-CA 8% FER
	13.2
	84.18
	8.12

	C7
	EVS-SWB-CA 20% FER
	13.2
	77.41
	10.31
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Figure. 5.1.2.1-3 P.INTELL profile plots for test conditions (Red: EVS-SWB CA, blue: AMR-WB) (a) c02 vs c05 FER 2%, (b) c03 vs c06 FER 8%, and (c) c04 vs c07 FER 20%.
Statistical Analysis (AMR-WB vs EVS SWB codec)
Figure 5.1.2.1-4 shows the P.INTELL speech intelligibility scores for AMR-WB and EVS SWB-CA at FERs 2%, 8%, and 20%. It can be noted that, 

· At a given FER, the EVS SWB CA is “statistically significantly better than (BT)” AMR-WB (as further elaborated below). 
· EVS-SWB CA at FER 8% is “statistically no worse than (NWT)” AMR-WB at FER 2% (as further elaborated below).
· AMR-WB at FER 8% MBMS bearer is “statistically worse than” AMR-WB at FER 2% (as further elaborated below).
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Figure 5.1.2.1-4 Statistical analysis 
AMR-WB vs EVS-SWB CA at a given FER
Table 5.1.2.1-3 presents the statistical significance test results comparing AMR-WB at FER 2%, 8%, and 20% vs EVS-SWB CA at FER 2%, 8%, and 20%. T-stat is estimated as (mean_ref – mean_cut)/SEmd, where SEmd = sqrt((stddev_ref^2+stddev_cut^2)/N). The t-scores for a two-sided significance test at 95% confidence interval (CI) is, t(.05,254)=1.97. As shown in Table 5.1.2.1-3, for the three FERs under test, 2%, 8% and 20%, the EVS-SWB CA is “statistically significantly better than (BT)” the AMR-WB.
Table 5.1.2.1-3. Statistical significance test (two sided t-test at 95% CI) 

AMR-WB at 12.65 kbps vs EVS SWB-CA at 13.2 kbps (at FERs 2%, 8%, and 20%)
	Ref
(AMR-WB 

@12.65 kb/s)
	Mean

(ref)
	Std. Dev
(ref)
	CuT

(EVS-SWB-CA 

@13.2 kb/s)
	Mean

(CuT)
	Std. Dev
(CuT)
	T-stat
(N=128)
	CuT vs Ref

	c2 (2% FER)
	86.07
	7.25
	c5 (2% FER)
	87.83
	6.85
	1.996
	C5  “BT”  C2

	c3 (8% FER)
	80.83
	8.09
	c6 (8% FER)
	84.18
	8.12
	3.307
	C6  “BT”  C3

	c4 (20% FER)
	72.59
	10.69
	c7 (20% FER)
	77.41
	10.31
	3.671
	C7  “BT”  C4


AMR-WB at FER 2% vs EVS-SWB CA at FER 8%
Table 5.1.2.1-4 presents the statistical significance test results comparing AMR-WB at FER 2% vs EVS-SWB CA at FER 8%. As shown in Table 4, the EVS-SWB CA at FER 8% is “statistically no worse than (NWT)” the AMR-WB at FER 2%.

Table 5.1.2.1-4. Statistical significance test (two sided t-test at 95% CI) 

AMR-WB at 12.65 kbps at FER 2% vs EVS SWB-CA at 13.2 kbps at FER 8%
	Ref
(AMR-WB 

@12.65 kb/s)
	Mean

(ref)
	Std 

(ref)
	CuT

(EVS-SWB-CA 

@13.2 kb/s)
	Mean

(cut)
	Std

(cut)
	T-stat
(N=128)
	CuT vs Ref

	c2 (2% FER)
	86.07
	7.25
	c6 (8% FER)
	84.18
	8.12
	-1.964
	c6 “NWT” c2


AMR-WB at FER 2% vs 8%
Table 5.1.2.1-5 presents the statistical significance test results comparing AMR-WB at FER 2% vs AMR-WB at FER 8%. As shown in Table 5, the AMR-WB at FER 8% is “statistically worse than (WT)” the AMR-WB at FER 2%.

Table 5.1.2.1-5. Statistical significance test (two sided t-test at 95% CI) 

AMR-WB at 12.65 kbps at FER 2% vs FER 8%
	Ref
(AMR-WB 

@12.65 kb/s)
	Mean

(ref)
	Std 

(ref)
	CuT

(AMR-WB 

@12.65 kb/s)
	Mean

(cut)
	Std

(cut)
	T-stat
(N=128)
	CuT vs Ref

	c2 (2% FER)
	86.07
	7.25
	c3 (8% FER)
	80.83
	8.09
	5.457
	c3 “WT” c2


ANOVA Statistical Analysis (AMR-WB vs EVS-SWB)
Two sets of conditions, i.e., AMR-WB set 1: c02, c03, c04 and EVS-SWB CA set 2: c05, c06, c07 are analyzed based on the Analysis of Variance (ANOVA) metric. The appropriate statistical model is a three factor Analysis of Variance (ANOVA) for Sets (2) x Conditions (3) x Scores (128 - 32 Subjects x 4 Talkers). Table 5.1.2.1-6 shows results of the ANOVA. 

Table 5.1.2.1-6.  Results of ANOVA for Sets x Conditions x Scores
[image: image9.wmf]Source of Variation

df

SS

MS

F

Prob.

Sets

1

2104.8

2104.83

41.84

0.0000

Conditions

2

18672.0

9336.00

117.37

0.0000

Scores

127

18728.8

147.47

Sets x Conditions

2

298.7

149.33

3.15

0.0434

Sets x Scores

127

6389.2

50.31

Conditions x Scores

254

20204.2

79.54

Sets x Cond. X Scores

254

12048.3

47.43

Total

767

78446.0


The main effect for Sets factor is highly significant (p<0.0001), which means that the average scores for the two sets of conditions are significantly different (AMR-WB: 79.830 and EVS-SWB CA: 83.140). The main effect for Conditions factor is also highly significant (p<0.0001), which means that there is significant variation among the average scores for the three conditions (86.950, 82.505, 75.000). Finally, the interaction effect, Sets x Conditions, is significant (p<0.05), which indicates that the pattern of scores for the two Sets across the three Conditions is statistically different. Figure 5.1.2.1-5 illustrates the significant interaction between the AMR-WB and the EVS-SWB CA intelligibility scores.
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Figure 5.1.2.1-5 Illustration of interaction between Sets and Conditions in the ANOVA 
*** End change ***
*** Start change ***
5.1.2.1.1
MCPTT bearers – speech intelligibility 
Based on the results in clause 5.1.2.1, it can be concluded that EVS-SWB CA offers a statisically significant  improvement in speech intelligibilty over AMR-WB (HD voice). The improved robustness to background noise and resiliency to errors are particularly relevant to the MCPTT service.  For example, results for car noise at 20 dB and music and mixed content in clean channel conditions in Clause 5.1.1.4 show robustness to low levels of background noise. Results with other types of noise (e.g., street noise and office babble @ 15-20dB SNR) and in impaired channels (e.g., at FERs in the range of 3-10%) are elaborated in TR 26.952.  The test results in Clause 5.1.1.4 and TR 26.952 show voice quality improvements based on the P.800 ACR/DCR test methodology, but may not be fully indicative of speech intelligibility. The speech intelligibility test results based on the P.INTELL test presented in Clause 5.1.2.1 evaluates under high background noise (siren at 5dB) and impaired channel conditions. 
Unicast bearer

By definition of the reference summarized in clause 5.1.1.6.1, AMR-WB meets the reference performance.
From the results in clause 5.1.2.1, it can be seen that EVS-SWB CA speech intelligiblity exceeds that of the reference.

It is important to understand the coverage improvement provided by the improved speech intelligibility of EVS-SWB  CA.  Based on the analysis in clause 5.1.2.1 showing that speech intelligiblity of EVS-SWB CA @ 8% FER is similar to that of AMR-WB @ 2%, the field test results identified in clause 5.1.1.6.1 demonstrate that for FER<=2%, the VoLTE system achieves 90% coverage while for FER <=8%, the system achieves 99.5% coverage.

Table 5.1.2.1.1-1. AMR-WB and EVS-SWB CA Coverage Over MCPTT Unicast Bearer
	Codec and mode
	Operating FER
	VoLTE Coverage

	AMR-WB 12.65 kbps
	2%
	90.0%

	EVS 13.2 kbps SWB CA mode
	8%
	99.5%


This demonstrates how EVS-SWB CA can provide similar speech intelligibilty as AMR-WB with better coverage in VoLTE networks.
MBMS bearer

Based on the results in clause 5.1.2.1 it is expected that EVS-SWB CA speech intelligiblity exceeds that of AMR-WB under all the MBMS bearer conditions tested.
To understand the coverage improvement provided by the improved speech intelligibility of EVS-SWB  CA, Figure 5.1.2.1.1-1 below shows a CDF of the coverage in an MBSFN cell embedded in a 57-cell system simulation at different FERs on the MBMS downlink
. Each curve is constructed by looking at the SNR trace for each terminal in the cell and determining the lowest SNR level below which the terminal experiences at least the target FER, then plots the CDF of all the users against the SNR values. The x-axis then represents the SNR that the MBMS Modulation and Coding Scheme (MCS) needs to work with to achieve the target FER of each curve for the percentage of users represented on the y-axis.  Realistically, the most robust MCS (MCS 0) needs an SNR of at least -4dB to operate, so the curves to the left of -4dB SNR are not achievable.
Based on the data provided by this simulation, the MBMS system provides less than 90% coverage at 2% end-to-end FER (1% uplink, 1% downlink). On the other hand, the MBMS system can provide an MCS that would allow for at least 90% coverage at 8% end-to-end FER (1% FER uplink, 7% FER downlink).

This clearly demonstrates how a codec that is more resilient to FER can have improved coverage area compared to a codec that is less resilient to FER. 
Therefore, neither AMR-WB nor EVS-SWB CA at 2% end-to-end FER (1% uplink, 1% downlink) can meet the reference coverage KPI because the underlying MBMS system can not provide at least 90% coverage at 2% FER. AMR-WB speech intelligibility performance at 8% FER is statistically lower than AMR-WB speech intelligibility performance at 2% FER.  However it is possible for EVS-SWB CA with 8% end-to-end FER (7% downlink and 1% uplink) to exceed the reference coverage KPI without a statistically significant intelligibility performance decrease compared to the reference intelligibility performance.
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Figure 5.1.2.1.1-1. Coverage in an MBSFN cell (embedded in a 57-cell system simulation) at different FERs on the MBMS downlink
Comparing the 1% and 7% FER curves at any particular SNR value shows how EVS-SWB CA can provide similar speech intelligibilty as AMR-WB with better coverage over the MBMS bearer.
LTE-D bearer

The similarities in speech intelligibility between AMR-WB @ 2% FER and EVS-SWB CA @ 8% FER demonstrated in clause 5.1.2.1 can be used to make preliminary estimates about the coverage, power consumption, and capacity improvement provided by the improved speech intelligibility of EVS-SWB CA as was done in clause 5.1.1.6.4.3.  The gains based on similarities of subjective speech intelligibility are similar to the gains based on equivalence of voice quality (based on objective P.OLQA measure, Clause 5.1.1.6.3.4), and are listed in Tables 5.1.2.1.1-2 to 5.1.2.1.1-4.
Table 5.1.2.1.1-2. Link budget gains and coverage/range extension offered by EVS codec
	Model
	BLER Target
	Gain
	Distance

Gain
	Area

Gain

	AMR 12.2 kbps/AMR-WB 12.65 kbps
	2%
	-
	-
	-

	EVS – 13.2 kbps channel aware mode
	~8%

	~2.8 dB
	~17%
	~38%


Table 5.1.2.1.1-3. Power consumption gains offered by EVS modes

	Model
	TX Power
	TX Power Gain
	 RX Power
	  RX Power             

  Gain

	AMR 12.2 kbps/AMR-WB 12.65 kbps
	3.01 units
	     - 
	   0.16 units
	        -

	EVS - 13.2 kbps CA and non-CA modes
	2.91 units
	     3.3% 
	 0.155 units
	   3.1%


Table 5.1.2.1.1-4. Increase in capacity -- fraction of successful links offered by EVS codec (3TX/cell and 4TX/cell)
	
	
	3 TX/cell
	4TX/cell
	

	Model
	BLER 

Target
	Fraction of 

Successful links
	3TX/cell

Gain
	Fraction of 

Successful link
	4TX/cell

Gain
	4TX Gain Relative gain w.r.t. 3TX

	AMR-WB 12.65kb/s
	2%
	80%
	-
	70%
	-
	16%

	EVS SWB CA 13.2 kb/s
	~8%
	~96%
	~20%
	~91%
	~30%
	~51.6%


A comparison of the EVS-SWB CA and AMR-WB performance with respect to the reference can be performed using Figure 5.1.1.6.3.4-2 as was done in Clause 5.1.1.6.3.4.  From the graph, it can be seen that AMR-WB can only get 80% coverage at 2% FER, and to get to the reference 90% coverage would introduce up to 5% FER.  Given the trend that AMR-WB speech intelligibility degrades with increasing FER beyond 2%, it is questionable whether AMR-WB can meet the reference coverage for LTE-D bearers. However, more data is needed to show this with statistical significance.
On the other hand, as illustrated in Figure 5.1.1.6.3.4-2, EVS-SWB CA (Option 1) can operate with 90% coverage and 4.5% FER while exceeding the reference speech intelligibility. EVS-SWB CA can also achieve ~96% coverage (at about 8% FER) with the intelligibility similar to the reference. Therefore EVS-SWB CA exceeds the reference over LTE-D bearers in these three KPIs.
The above simulations and calculations of coverage focused on the LTE-D data channel and assumed the lower coding rate and lower RB usage of the control (SA) channel would allow the data channel not to exceed 8% BLER.  
A further analysis to account for data channel losses caused by errors on the SA channel is calculated using the simulation data illustrated in Figure 5.1.2.1.1-2 on the SA channel link performance and Figure 5.1.1.6.3.4-1 on the link budget performance for the data channel.  A link budget of 0.63 dB on the data channel provides 7.4% BLER if the SA channel does not introduce more errors.  Since the SA channel uses only 1 RB, the effective SNR is 3.63 dB. The SA channel with 2 HARQs reduces the SA channel BLER to 0.65% which results in an effective BLER 8.0% for the data channel carrying the voice packets which represents the BLER needed for EVS-CA.  Performing the same analysis for the BLER needed for AMR-WB, a link budget of 3.56 dB on the data channel results in a data channel BLER of 1.91% and a SA channel BLER of 0.1%, resulting in an effective BLER of 2.0%.
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Figure 5.1.2.1.1-2 SA Channel Link Performance
This provides the following results on coverage and capacity over LTE-D bearers.
Table 5.1.2.1.1-5. Link budget gains and coverage/range extension offered by EVS codec
	Model
	Target BLER of data channel
	Effective BLER with SA channel errors
	Link Budget of data channel
	dB
Gain
	Distance
Gain
	Area 
Gain

	AMR 12.2 kbps/AMR-WB 12.65 kbps
	1.91%
	2.0 %
	3.56 dB
	-
	-
	-

	EVS – 13.2 kbps channel aware mode
	~7.4%
	~8.0 %
	~0.63 dB
	~2.93 dB
	~18%
	~40%


Table 5.1.2.1.1-6. Increase in capacity -- fraction of successful links offered by EVS codec (3TX/cell and 4TX/cell)
	
	
	3 TX/cell
	4TX/cell
	

	Model
	Target
BLER 

of TX channel
	Fraction of 

Successful links
	3TX/cell

Gain
	Fraction of 

Successful link
	4TX/cell

Gain
	4TX Gain Relative gain w.r.t. 3TX

	AMR-WB 12.65kb/s
	1.91%
	79.5%
	-
	69%
	-
	15.7%

	EVS SWB CA 13.2 kb/s
	~7.4%
	~95%
	~19.5%
	~90%
	~30%
	~50.9%


*** End change ***
*** Start change ***
5.1.2.1.2
Conclusions 
Speech Intelligibility:

· EVS-SWB offers significant speech intelligibility improvements over the reference.  It also offers even more improvements over AMR-WB under the same bearer conditions. The improved robustness to background noise and resiliency to errors are particularly relevant to the MCPTT service and result in better speech intelligibly compared to the reference and AMR-WB across all the MCPTT bearers.   

· AMR-WB meets the reference speech intelligibility for unicast bearers.

· A downward trend in intelligibility performance with increasing FER raises a question about whether AMR-WB can meet the reference speech intelligibility for the MBMS and LTE-D bearers.  However more data is needed to show this with statistical significance. 

In summary, based on the select speech intelligibility test results presented in clause 5.1.2.1,

· EVS-SWB outperforms AMR-WB in the selected KPIs and across all the MCPTT bearers.

· There are some MCPTT bearers where some KPIs cannot be meaningfully compared to the reference “HD Voice” experience:

· In the cases that allow a comparison to the reference (call capacity on unicast, coverage and error-resiliency/intelligibility on all MCPTT bearers), EVS exceeds the performance of the reference for all the bearers.  In these cases, AMR-WB meets the reference for unicast bearers.  A downward trend in speech intelligibility performance with increasing FER raises a question about whether AMR-WB can meet the reference KPI for the MBMS and LTE-D bearers.  However more data is needed to show this with statistical significance. 
· In the cases that do not allow a comparison to the reference (capacity on MBMS and LTE-D), the EVS codec outperforms AMR-WB across all MCPTT bearers. Based on a similar analysis as in Clause 5.1.1.6.3.2-4, the call capacity of EVS-SWB CA exceeds that of AMR-WB across all MCPTT bearers. 

The Table xx below provides a comparison based on the above conclusions and highlights some key results.

Table xx. Conclusions and Key Results of Speech Intelligibility Testing
	Key Performance Indicator (KPI)
	EVS Compared to AMR-WB
	EVS Compared to Reference
	AMR-WB Compared to Reference


	Coverage
	Exceeds for all MCPTT bearers

~38% better coverage for LTE-D bearers

	Exceeds for all MCPTT bearers

	Meets for unicast bearers

Questionable whether meets for MBMS and LTE-D bearers.


	Error resiliency/Speech Intelligibility
	Exceeds for all MCPTT bearers.

Similar intelligibility performance between AMR-WB at 2% FER and EVS-SWB at 8% FER
	Exceeds for all MCPTT bearers
	Meets for unicast bearers

Questionable whether meets for MBMS and LTE-D bearers.4

	Call Capacity
	Exceeds for all MCPTT bearers

An estimated 20-30% better capacity than AMR-WB for LTE-D bearers

Can also support more group than AMR-WB for LTE-D bearers
	Exceeds for unicast bearers

Cannot compare for other MCPTT bearers
	Meets for unicast bearers

Cannot compare for other MCPTT bearers


*** End change ***
*** Start change ***
6
Conclusion

In this document, many issues related to MCPTT, from media handling and codec perspective have been documented.
On the key issue "codec for MCPTT", analysis of various 3GPP codecs is provided,  along with a recommendation for Release 13 to mandate that the AMR-WB codec be supported for MCPTT applications and, based on operator / MCPTT service provider policy, have EVS in super-wideband mode supported as an optional codec. The EVS codec was shown to provide statistically significant performance improvements relative to the AMR-WB codec for some of the MCPTT KPIs as studied and reported in this document.
On the key issue "User Experience", it is recommended that the UE discards redundant RTP payloads in the case that the received RTP payloads by the UE contain identical SN and SSRC.

On the key issue "MCPTT over MBMS support", the following points have been made

-
Realization considerations for MCPTT client operation in support of MBMS have been documented

-
The media handling for unicast delivery mode and broadcast delivery mode has been documented

-
It is recommended MCPTT UE uses a de-jitter buffer, when receiving traffic over an MBMS bearer

-
The session information needed to describe the MCPTT user plane is provided.
*** End change ***
� These results are based on MBMS simulation data. 





� “~X” in this and the subsequent tables indicates “nearly X”, i.e., very close to the value X but not exceeding it. 


� The Reference is “HD Voice” AMR-WB performance over 3GPP networks as defined in clause 5.1.1.6.1.  This is different from the Analog-FM codec performance which is used as a reference by some members of the Public Safety community.    


� More data is required for AMR-WB speech intelligibility between 2 to 8% FER to confirm that AMR-WB is unable to meet the reference KPI.








