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Introduction

Compressed real speech signals have been successfully used for UE AEC tests in other bodies (e.g. 3GPP2) to properly exercise the system under test, which may incorporate processing or coding that treats the current test signals (multisine and PN) differently than speech. In addition, multiple issues exist in the current Acoustic Echo Cancellation tests in 3GPP TS 26.131 and TS 26.132 test plan:

· The PN and Multisine test signals have different speech power across the spectrum, which cause the total available dynamic range for the measurement to be inconsistent.
· The PN signal for the wideband tests is a wideband signal but the multisine signal is narrowband for both narrow and wideband tests.

· The TCLw calculation is based on G.122 and is limited to the narrowband frequency region for both narrow and wideband tests.
· The PN and multisine signals produce different results that are not directly comparable.
In [1] a proposal was made to replace the test signals for echo cancellation tests with a compressed real speech signal available in the recently approved ITU-T P.501 AMD1 [2]. Results for WB terminals comparing the use of PN and the proposed signal were presented.

An additional comparison of the results between the multisine and PN sequences was requested and is being presented in this contribution.

Experimental procedure and results
The test setup was implemented for both narrowband and wideband test cases following the description in 3GPP TS 26.132 v10.4.0. This implies that even in the wideband test cases, the analysis of the echo loss is limited to narrowband, while the PN signal is wideband and the multisine is narrowband. 

For the case of the compressed real speech signal, the test was implemented according to the draft CR proposal in S4-121043, except that the signal is band limited according to the description in 3GPP TS 26.132 clause 5.4 ( the LP35 and LP7 filters from the ITU-T G.191 STL2009 were not used ). 
A terminal with slight echo leakage was selected for the test and 10 measurement repeats for each test signal were performed in order to verify the repeatability of each test signal. 

In addition, a measurement was performed without any signal being injected in the downlink to verify what would be the highest score achievable in the measurement (when no echo is present but just the send path Idle Channel noise of the device). This procedure was followed for both narrowband and wideband test scenarios.
Table 1 lists the narrowband results.

Table 1 - Narrowband results

	Measurement repeat
	PN signal
	Multisine
	ITU-T P.501 AMD1 compressed real speech

	Measurement 1
	52.12 dB
	51.08 dB
	46.85 dB

	Measurement 2
	54.26 dB
	48.52 dB
	46.95 dB

	Measurement 3
	55.35 dB
	49.82 dB
	47.96 dB

	Measurement 4
	53.01 dB
	50.19 dB
	46.96 dB

	Measurement 5
	54.27 dB
	48.19 dB
	46.72 dB

	Measurement 6
	53.80 dB
	48.86 dB
	46.92 dB

	Measurement 7
	53.38 dB
	50.28 dB
	47.46 dB

	Measurement 8
	53.91 dB
	49.36 dB
	47.10 dB

	Measurement 9
	53.53 dB
	47.69 dB
	46.84 dB

	Measurement 10
	52.99 dB
	47.47 dB
	46.76 dB

	Average
	53.66 dB
	49.15 dB
	47.05 dB

	Standard deviation
	0.84 dB
	1.14 dB
	0.36 dB

	Measurement with no signal in RCV
	68.26 dB
	59.66 dB
	59.63 dB

	SND Idle Channel noise level
	-75.50 dBm0(P)
	-75.42 dBm0(P)
	-75.42 dBm0(P)

	
	-72.02 dBm0(A)
	-71.93 dBm0(A)
	-71.91 dBm0(A)


The first observation is that somewhat large variations in the measurements are seen in each repeat with the PN and the multisine test signals. This appears to be less of an issue with the real speech signal. 
The second observation is that the measurement results are quite different with the three types of signals. The PN signal produces higher scores, followed by the multisine and compressed real speech signals. The maximum range for the measurement is also higher for the PN signal as it carries a 7dB higher signal energy than the other signals (-3dBm0 x -10dBm0).
The difference in the measurement results does not appear to be due to noise floor limiting factors, since the echo is well above the noise floor for all three test signal types, but rather due to the actual amount of echo for each of the conditions, with the echo for compressed real speech being the highest. In this aspect, it is the source’s view that the signal that most accurately represents the performance of the device from a user point of view is the real speech test signal. Other artificial signals may be handled differently by signal processing on the send path.
Figures 1 to 3 presents the envelope of the echo signal and send idle noise for each of the three signal test types. It can be seen that substantial echo also leaks during the conditioning sequence which uses P.50 test signals.
The spectrum of the test signals and corresponding echo are shown in Figures 4 to 6. The higher energy of the PN sequence at the high frequency bands is observed from these plots.
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Figure 1 - Envelope of echo signal for PN test signal
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Figure 2 - Envelope of echo signal for multisine test signal (narrowband)
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Figure 3 - Envelope of echo signal for compressed real speech test signal
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Figure 4 - Spectrum of downlink signal x echo for PN test signal
[image: image5.emf]3rd octave  FFT Size:4096  Overlap:50.0%  Rectangle  


L/dB[V]





-100


-80


-60


-40


-20


0


f/Hz


20


50


100


200


1000


2000


5000


10k


20k


SND(1)


Left




3rd octave  FFT Size:4096  Overlap:50.0%  Rectangle  L/dB[V]



-100 -80 -60 -40 -20 0

f/Hz 20 50 100 200 1000 2000 5000 10k 20k

SND(1)

Left


Figure 5 - Spectrum of downlink signal x echo for multisine
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Figure 6 - Spectrum of downlink signal x echo for compressed real speech
Wideband results are presented in table 2:

Table 2 - Wideband Results

	Measurement repeat
	PN signal
	Multisine
	ITU-T P.501 AMD1 compressed real speech

	Measurement 1
	61.47 dB
	61.31 dB
	57.81 dB

	Measurement 2
	65.00 dB
	61.61 dB
	59.42 dB

	Measurement 3
	63.80 dB
	61.77 dB
	60.86 dB

	Measurement 4
	64.49 dB
	61.69 dB
	60.56 dB

	Measurement 5
	61.38 dB
	61.83 dB
	58.90 dB

	Measurement 6
	62.28 dB
	61.42 dB
	61.31 dB

	Measurement 7
	64.06 dB
	61.77 dB
	58.77 dB

	Measurement 8
	64.23 dB
	61.70 dB
	59.29 dB

	Measurement 9
	66.10 dB
	61.63 dB
	58.12 dB

	Measurement 10
	64.23 dB
	57.37 dB
	61.27 dB

	Average
	63.70 dB
	61.21 dB
	59.63 dB

	Standard deviation
	1.45 dB
	1.29 dB
	1.22 dB

	Measurement with no signal in RCV
	67.22 dB
	62.46 dB
	65.07 dB

	SND Idle Channel noise level
	-77.30dBm0(A)
	-77.24dBm0(A)
	-76.48dBm0(A)


The analysis for the wideband results is similar to the analysis for narrowband. It is noted that this particular terminal has more echo in narrowband than it does in wideband. 
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Conclusion

Updating TS 26.132 Acoustic Echo Cancelation calculation methods and test signals is seen necessary to remove some of the inconsistencies found in the current specification and allow proper wideband echo cancellation testing. It is proposed to replace the PN and multisine test signals with the new compressed real speech test signal found in ITU-T P.501 AMD1. The compressed real speech signal provides a more realistic test scenario and a signal more suited for testing with modern speech coding and processing schemes. Some revision of the pass/fail criteria in 26.131 may be necessary since, even in the absence of echo, the measured levels are close to the target of 55dB.
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