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1 Introduction
VoLTE transmission is different from speech transmission in 3G/2G networks in several aspects. A very basic difference is the call setup based on IMS, another one is the lack of synchronization.  While source and sink in a 3G audio transmission are clocked synchronously, this is not the case with a VoLTE transmission, where each device uses its own clock. Therefore special attention has to be paid to the handling of delays in a VoLTE environment.
This document presents results of several VoLTE terminal measurements with emphasis on delay observation. All measurements have been conducted at HEAD acoustics.
2 Test Setup
The test setup used is depicted in the figure below. The artificial head HMS II.3 is connected to analog frontend MFE VI.1, the LTE tester connects to VoIP frontend MFE VIII.1 via Ethernet. Frontends are interconnected via AES/EBU and controlled by the ACQUA measurement system.
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Figure 1: Test setup
For the call setup the IMS settings as given by the different network operators were used for the individual phones.

Measurements have been conducted using four different mobile phones, all prototypes, in the following denominated as LTE phone 1-4:
All measurements have been made using the AMR WB codec at 23.85kbps. All tests were conducted according to TS 26.131 [1] and TS 26.132 [2], Rel. 11. The test signals for the measurements of the frequency response characteristics, Loudness Rating and TCLw were speech signals acc. to P.501 [3] as described in [1], [2].
In order to observe delay drift as a result of non-synchronized clocks delay vs. time measurements were performed using a test signal consisting of concatenated CS signals according to ITU-T P.501 [3] over 2 minutes. 
3 Test Results
In this chapter some examples of the measurement results are shown. Special consideration is given to the measurement of delay and the delay drift found in LTE systems due to non synchronized clocks between terminal and network.
3.1 Delay Measurements

In order to determine the amount of delay drift due to the non synchronized clocks between network and DUT delay vs. time measurements were performed for all DUTs. The resulting delay diagrams and the calculated delay drift in us/s are shown in Figs. 2-6. 
It is obvious that none of the DUT’s was synchronized to the clock of the network respectively to the clock of the test equipment.

Fig. 7 shows the delay drift when synchronizing the clock of the reference IP client in the test frontend MFE VIII.1 to the clock of the DUT. This clock synchronization almost eliminates any delay drift for the measurements. 
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Figure 2: LTE phone 1 , Delay vs. Time RCV, Slope: -7us/s
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Figure 3: LTE phone 1, Delay vs. Time SND, Slope: 7us/s
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Figure 4: LTE phone 2, Delay vs. Time RCV, Slope: -25us/s
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Figure 5: LTE phone 2, Delay vs. Time SND, Slope: 25us/s
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Figure 6: LTE phone 3, Delay vs Time RCV, Slope: -13us/s
[image: image7.emf]t/s





0.13


0.133


0.135


0.138


0.14


0.143


0.145


0.148


0.15


t/s


0


20


40


80


100


120


%


20


22


24


26


28


30


48000,67Hz




t/s



0.13 0.133 0.135 0.138 0.14 0.143 0.145 0.148 0.15

t/s 0 20 40 80 100 120

% 20 22 24 26 28 30

48000,67Hz


Figure 7: LTE phone 3, Delay vs. Time RCV, with Clock adjustment at MFE VIII.1
3.2 Frequency response characteristics, some examples
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Figure 8: Frequency Response Receive
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Figure 9: Frequency Response Send
3.3 Loudness Ratings, some examples
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Figure 10: Receive Loudness Rating
	
	RLR

	LTE phone 1
	4.4

	LTE phone 4
	0.7


Table 1: Receive Loudness Ratings Results

	
	SLR

	LTE phone 1
	13.1

	LTE phone 3
	12.3


Table 2: Send Loudness Ratings Results
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Figure 11: Send Loudness Rating
3.4 TCLw, some examples
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Figure 12: TCLw

	
	TCLw

	LTE phone 1
	67.1 dB

	LTE phone 4
	73,1 dB


Table 3: TCLw Results

3.5 Distortion tests, some examples

In general the distortion tests are as easy to perform in 4G as they are in 2G/3G. Fig. 13 gives examples for two phones. 
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Figure 13: Distortion Receiving 

However, especially the distortion tests require exact delay synchronization for the DUT in order to avoid mis-positioning of the analysis window after the activation signal.
Figs. 14, 15 and table 4 show an example for the impact of a wrong positioned analysis window which may occur due to delay drift during the measurements. 
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Figure 14: Distortion Receiving with correct time alignment of analysis window
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Figure 15: Distortion Receiving with 25 ms mis-alignment of analysis window

	
	THD+N (P-weighted)

	Correct time alignment
	33.9 dB

	Mis-alignment analysis window
	17.1 dB


Table 4: Impact on wrong positioning of analysis window for distortion measurements
3.5 Quality (speech quality, noise intrusiveness) in the presence of ambient noise, some examples

	
	Average S-MOS
	Average N-MOS
	Average G-MOS

	LTE phone 1
	3.6
	3.2
	3.0

	LTE phone 3
	3.7
	2.9
	3.0

	LTE phone 4
	3.8
	3.1
	3.1


Table 5: 3QUEST® Measurement Results

4 Comparison Test Results 4G vs. 3G

For this test the standard test setup as currently used for 3G network connections was used, the LTE setup was according to clause 2.
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Figure 16: LTE phone 3 Frequency Response RCV, Comparison 4G vs. 3G
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Figure 17: LTE phone 3 Receive Loudness Rating, Comparison 4G vs. 3G

[image: image18.emf]L/dB





-100


-80


-60


-40


-20


0


f/Hz


100


200


500


2000


5000


3G


4G




L/dB



-100 -80 -60 -40 -20 0

f/Hz 100 200 500 2000 5000

3G

4G


Figure 18: LTE phone 1 TCLw 4G vs. 3G

	
	TCLw

	LTE phone 1 in 3G
	66.2 dB

	LTE phone 1 in 4G
	67.1 dB


Table 4: TCLw Results in 3G and 4G
5 General observations and conclusions

At current the biggest difficulty in VoLTE tests is to find the correct IMS settings for the IMS server which fits to the IMS server settings of the individual network operator. It would be highly desirable to define one set of IMS parameters which is supported by any terminal and any system simulator. With such a predefined set it would be much easier for test labs to test and validate the speech quality parameters as defined in the 3GPP standards. It is suggested to 3GPP to provide such a set of IMS settings in the relevant standards.

As can be seen from the results of the delay vs. time measurements, there is indeed a delay drift resulting from different, non-synchronized clocks. In our experiments the drift varied from 7-25 us/s depending on the DUT. However, different implementations may behave different. This may suggest an additional test on clock accuracy in the 3GPP terminal standards as well as tests for speech quality and jitter buffer behaviour.    
Delay vs. time measurements in sending direction show several side maxima. One side maximum of 250 ms is due to the periodicity of the test signal itself. Others might be caused by acoustical reflections or may be caused by signal processing in the send path of the DUT. These side maxima are in general well below maximum peak the correlation value of the direct acoustical path.
Delay drifts like this inevitable will lead to jumps in delay, i.e. gaps in the signal, as soon as the cumulated drift reaches jitter buffer size. It is suggested to consider the impact of the jitter buffer management on speech quality in the tests e.g. by adding speech quality tests based e.g. on ITU-T P. 863 [4] and also add different jitter and loss profiles.
Measurement equipment for VoLTE environments has to take the phenomenon of clock drift into account by providing the possibility of adjusting its own clock to the one of the DUT. 
If delay and delay drift compensation in VoLTE environments is handled correctly, measurements of the parameters in TS 26.131/32 - except delay - typically lead to similar results as in a 3G setting (provided the speech signal processing is identical). This can be seen in the comparisons.
At present no absolute delay values for the DUT can be given – even if clock synchronization is performed since the delay of the radio network simulator is unknown. 
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