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1. Introduction
This contribution presents additional results on UE noise suppression, following the initial work in [1], with refinements to the test set-up as described in [2].  In particular, several updates to software and firmware from the configuration reported in [1] were needed in order to get stable measurements.  The as-used versions are listed below:


CMW-500:




ACQUA:


Base:  V3.2.51



V3.2.100 (beta)



Audio:  V3.2.20


MFE-VIII.1





DAU:  V3.2.31




Firmware: 1.4.162



LTE Signalling:  V3.2.70 


Codec:  1.0.111.3791
2. Methods
The VoLTE test setup used for a sending measurement is shown in Fig.1 from [3].  Clock synchronization between the MFE-VIII.1 and MFE-VI.1 was used. 
For UMTS measurements, the MFE-VIII.1 was not used, only the MFE-VI.1, and a CMU-200 was used in place of the CMW-500.  
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Figure 1 VoLTE Test setup for measurements in sending (from [3])
The delay contributions from VoLTE test equipment are listed in Table 1:

	Sending in VoLTE
	

	Delay MFE VIII.1 (20ms ptime,     100 ms Jitterbuffer)
	142.54 ms

	Delay AES-EBU (between MFE VIII.1 and MFE VI.1
	0.2 ms

	Delay MFE VI.1 (D/A)
	0.4 ms

	Delay CMW 500
	9.11 ms 

	Sum:
	152.25 ms


Table 1 VoLTE test equipment delay sending (from [3])
The delay contributions from UMTS test equipment are listed in Table 2:

	Sending in UMTS
	

	Delay MFE VI.1
	1.8 ms

	Delay CMW 200, AMR-WB
	85 ms 

	Sum:
	86.8 ms


Table 2 UMTS test equipment Sending delay
As in [1], measurements were made using ETSI TS 103 106 [5] in clean (no noise) and in pub noise [4], one of the eight noise types defined in 3GPP TS 26.132. For both UMTS and VoLTE, AMR-WB 12.65 kbps was used.  The same UE as used in [2] was used in both UMTS and VoLTE. In each call, one measurement was made in no-noise and immediately one with pub noise presented.
Five measurements were made in UMTS, and ten measurements made in VoLTE, as the sample size of five VoLTE measurements reported in [1] was insufficient for a statistical test of score variation.

3. Results

Table 3 presents results, including average delay, minimum delay, and maximum delay, the average and standard deviation of SMOS, and the average and standard deviation of NMOS, all over the sixteen sentences in each measurement.
[image: image2.emf]TransmissionNoiseRunmeanDelmin DelmaxDelSMOSsSMOSNMOSsNMOS

VoLTE clean 1 86.5 86.5 86.8 4.26 0.126 4.53 0.294

VoLTE clean 2 92.5 92.5 92.6 4.28 0.128 4.56 0.271

VoLTE clean 3 67.9 67.8 69.1 4.29 0.129 4.54 0.266

VoLTE clean 4 87.2 87.1 87.3 4.28 0.139 4.58 0.272

VoLTE clean 5 80.7 80.5 82.0 4.28 0.128 4.57 0.268

VoLTE clean 6 85.3 85.1 86.6 4.28 0.122 4.58 0.252

VoLTE clean 7 82.7 82.6 84.0 4.28 0.128 4.53 0.244

VoLTE clean 8 97.0 97.0 97.3 4.27 0.126 4.51 0.299

VoLTE clean 9 90.4 90.3 90.6 4.28 0.138 4.50 0.285

VoLTE clean 10 89.9 89.8 91.1 4.26 0.126 4.53 0.284

VoLTE pub 1 86.4 86.3 87.6 3.18 0.201 4.43 0.351

VoLTE pub 2 92.4 92.3 93.6 3.19 0.224 4.44 0.301

VoLTE pub 3 67.6 67.5 69.0 3.17 0.209 4.41 0.309

VoLTE pub 4 87.0 86.8 88.3 3.17 0.206 4.38 0.284

VoLTE pub 5 80.3 80.1 81.6 3.20 0.179 4.41 0.332

VoLTE pub 6 73.8 65.1 76.3 3.16 0.216 4.53 0.318

VoLTE pub 7 82.4 82.3 83.6 3.13 0.289 4.49 0.273

VoLTE pub 8 96.7 96.6 98.0 3.16 0.255 4.56 0.275

VoLTE pub 9 90.0 89.8 91.3 3.16 0.174 4.40 0.312

VoLTE pub 10 89.6 89.5 90.8 3.16 0.206 4.51 0.297

UMTS clean 1 100.0 100.0 100.0 4.38 0.126 4.58 0.255

UMTS clean 2 100.0 100.0 100.0 4.38 0.130 4.56 0.244

UMTS clean 3 100.0 100.0 100.0 4.38 0.129 4.54 0.266

UMTS clean 4 100.0 100.0 100.0 4.38 0.131 4.53 0.245

UMTS clean 5 100.0 100.0 100.0 4.37 0.121 4.56 0.244

UMTS pub 1 100.0 100.0 100.0 3.33 0.242 4.28 0.390

UMTS pub 2 100.0 100.0 100.0 3.31 0.231 4.13 0.443

UMTS pub 3 100.0 100.0 100.0 3.35 0.247 4.18 0.470

UMTS pub 4 100.0 100.0 100.0 3.33 0.248 4.18 0.462

UMTS pub 5 100.0 100.0 100.0 3.32 0.244 4.29 0.430


Table 3 Delay, SMOS, and NMOS results
The delay results for UMTS are very consistent at 100ms, after correction for equipment.  The delay results for VoLTE are consistent with results reported in [2], which were taken on the same UE, with an average value across all measurements of about 85ms.  Note that in call 3, the delay in VoLTE was about 20ms lower than the other calls, but had similar range throughout the two measurements, clean and pub. Changes in delay of similar magnitude occurred for two sentences in run 6 while pub noise was active.  This range of delay is consistent with behaviour noted in [2] and [3].
The SMOS results indicate statistically significant difference of 0.1 SMOS with UMTS higher than VoLTE in clean conditions, and a statistically significant difference of 0.16 SMOS with UMTS higher than VoLTE in pub noise, as shown in Figures 2 and 3, respectively.
[image: image3.emf]4.24

4.26

4.28

4.3

4.32

4.34

4.36

4.38

4.4

S

M

O

S

UMTS VoLTE

Transmission

All Pairs

Tukey-Kramer

0.05


Figure 2 Comparison of SMOS UMTS and VoLTE, for clean conditions
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Figure 3 Comparison of SMOS UMTS and VoLTE, for pub noise.
For SMOS, the difference in the variation of scores between UMTS and VoLTE is significant (<0.0001, F-ratio 652.17 for clean, F-ratio 314.75 for pub), with VoLTE exhibiting more variation.
In contrast, the NMOS scores for UMTS and VoLTE are not significantly different for clean, but are significantly different for pub, with VoLTE 0.24 MOS higher, as shown in Figures 4 and 5.
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Figure 4 Comparison of NMOS UMTS and VoLTE, for clean conditions
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Figure 5 Comparison of NMOS UMTS and VoLTE, for pub noise
For NMOS, the difference in the variation of scores between UMTS and VoLTE is not significant for clean (F-ratio 0.78). For pub noise, the variation difference between UMTS and VoLTE significant, but at the p<0.003 level, with F-ratio of 43.88, with more variation in VoLTE.
4. Summary and conclusions

In [1], similar differences in mean scores and variation of scores were observed, but the sample size was too small for reliable statistical tests.  In addition, the improvements to method reported above and in [2] indicate that the Sending delay variation in VoLTE is in the range reported by others [3].
The difference between SMOS scores in clean for VoLTE and UMTS, and the lack of difference in NMOS, along with the statistically significant higher variation of both SMOS and NMOS in VoLTE compared to UMTS is an indication that the Sending variation observed in [2] and [3] has an impact on the ETSI TS 103 106 scores in VoLTE.
While the same UE was tested in both VoLTE and UMTS, it is not possible to independently validate that the noise suppression settings are identical in both transmission modes, although it seems parsimonious to expect that the same settings are used for both transmission modes.
For this UE, in pub noise, the difference observed between VoLTE and UMTS in average NMOS, of about 0.2 MOS, is comparable to the range of scores in VoLTE across runs, also nearly 0.2 MOS.  With run-to-run variation of this magnitude, there is risk that such a UE may pass requirements on some runs and fail on others.
The source proposes that similar measurements be conducted on additional VoLTE UEs, as they become available.
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