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1. Introduction
In VoLTE technology, the jitter buffer management (JBM) is an important technique in a device under tests (DUT) to provide good speech quality in varying delay situations with potential packet losses. In a first contribution on this topic investigations using the the delay and error profiles described in 0 and [2], were presented [3]. Based on the discussion during the SA 4 #76 in Osaka new profiles were generated by Qualcomm. The profiles were converted into TCN files to be used for further measurements.
These impairment patterns were inserted using the HEAD acoustics IP-impairment simulator MFE IX. This device was used to insert delay, jitter and packet loss according to a given pattern. The “playback” of this pattern can be triggered with the playback of the acoustical test signal itself, which allows reproducible measurements with synchronized impairment insertion. 
2. Measurement Setup
2.1. Hardware Setup

The source of the measurement setup is the reference gateway MFE VIII.1 which includes the AMR-WB and receives/transfers audio data from/to the test system ACQUA. It encodes/decodes the audio data to RTP packets and transmits/receives them to/from the network. In order to see the influence of all impairments including any clock drift NO clock synchronization to the DUT was performed. 

The network impairment simulator MFE IX is inserted in between the Ethernet connection of LTE network simulator and the reference gateway MFE VIII.1. This device adds network impairments (packet loss, delay, and jitter) to an Ethernet connection and is controlled via the test system ACQUA. One operational mode is the so called “TCN mode” (trace control for NetEm). Further information can be found in [4]. This mode allows to “playback” a certain pattern of impairments. The start of this pattern is synchronized to the playback of the measurement via a trigger signal generated synchronously with the test signal.

For the LTE / 4G connection, two different radio network simulators were used.
The downlink signal from the terminal is recorded by the artificial ear with DF equalization and performed in the audio measurement frontend MFE VI.1. 
For the tests no DTX was used, the use of TCN-files in conjunction with DTX is not covered by the TCN concept currently.

An overview about the measurement setup is shown in Figure 1. One LTE capable DUT was used in this measurement series. 
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Figure 1: Test setup of VoLTE acoustic testing.
2.2. Source Signal for P.863 Tests
As a test sequence, 8 English test sentences according to ITUT- P.501 were used (2 male, 2 female speakers). The sequences are concatenated in such a way that all sentences are centered within a 4.0s time window, which results in an overall duration of 32.0s. Due to the given delay profiles in TS26.114, where the duration of a profile was set to 150.0s, the sequences were repeated 5 times (160.0s). For all analyses, the last 10.0s were not taken into account.
The complete source file is shown in figure 2. For POLQA measurements, the full-band signal is used as the reference file. For playback, the signal is pre-filtered for wideband transmission and the active speech level according to ITU-T P.56 is set to -16.0 dBm0.
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Figure 2: Source file used for measurements
2.3. Source Signal for Delay vs. Time Tests

Tow test signals were used for the delay vs. time tests: 
· concatenated CSS (350 ms signal length)
· MSMP Signal from [7]. 
The preparation of the MSMP signal was as follows:

· Remove pause between 10.2 und 10.7s (500ms)

· Remove pause of 500ms at the beginning

· Delete pause of 600ms at the end

· Resulting signal duration: 21.66 – 0.5 – 0.5 – 0.6 = ~ 20s

· Repeat signal 8x (~160s) and limit duration to 150s

· Apply wideband filtering and set average signal level to -16dbm0
The autocorrelation functions of both signals are shown in Figure 3 and Figure 4. 
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	Figure 3: Auto correlation of CSS Signal
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	Figure 4: Auto correlation of edited MSMP Signal


The MSMP signal was found to give better correlation properties vs. time due to less signal pauses and sufficient signal vs. time and provides better autocorrelation properties.

3. Error Profiles
In the following sections, the measurement results of the impaired transmissions are presented. For each profile, three figures are provided:
1. Packet pattern: These graphs show which impairments are inserted on the IP stream. Average delay, deviation and packet loss rate as metrics are given. The curve given in the following plots as “smoothed jitter” describes the jitter versus time according to the calculations given in appendix A.8 of [5].
2. Delay vs. time: These graphs show the current delay at a certain point of time. The delay for each time frame is calculated with a cross-correlation time between the source signal and the signal recorded at the artificial ear. Delay discontinuities can occur due to clock drifts between DUT and radio network simulator or due to the behavior of the adaptive jitter buffer of the DUT.
3. POLQA scores vs. time: These bar graphs shows the POLQA results per double sentence versus time. Each 8.0s time window of the recording includes two sentences and thus one POLQA score according to [6].
The parameters for the delay vs. time analysis were chosen to:
· FFT Size for overall delay: 131072 (corresponds to ±1.35s of detectable delay @48kHz)

· No overlap for overall delay

· FFT Size for variable delay: 16384 (corresponds to ±0.17s of detectable delay @48kHz)

· Overlap of variable delay is calculated according to the output step size of 50ms:
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The results for both LTE network simulators (blue [A] vs. red [B] curve/bars) are provided in the figures.
The delay and error profiles provided by Qualcomm which are presented in the following chapters were sent in advance to the delegates over the e-mail reflector.

3.1. Clean Channel Condition
In this profile, no network impairments are included. MFE IX is set to inactive. Thus this measurement can be seen as a reference measurement for all further delay and error profiles. Figure 5 shows the cross-correlation versus time between source file and recording. Figure 6 shows the best-case POLQA scores which can be obtained with this DUT.
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	Figure 5: Delay versus time between source signal and ear recording (no clock synchronization!)
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	Figure 6: POLQA versus time / over sentences


The results show a sentence pair dependant MOS score which is known. There seems to be a group of 2 P.501 sentence pairs (2nd male and 1st female) which leads to higher POLQA scores than the other 4 sentences. It also can be observed that the scores of the repeated sequence of 4 sentence pairs shows some slight variation in MOS scores even under clean conditions.
3.2. Delay profiles with injected BLER
3.2.1. Profile: dly_profile_0msDRX_2pct_BLER (#1)
This profile corresponds to the file dly_profile_0msDRX_2pct_BLER.txt of the attachment. The raw packet pattern is shown in Figure 7, the delay-vs.-time in Figure 8 and the POLQA versus time/sentences in Figure 9.
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	Figure 7: Delay and packet loss versus time on packet layer
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	Figure 8: Delay-vs.-time between source signal and ear recording
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	Figure 9: POLQA versus time / over sentences


3.2.2. Profile: dly_profile_0msDRX_10pct_BLER (#2)

This profile corresponds to the file dly_profile_0msDRX_10pct_BLER.txt of the attachment. The raw packet pattern is shown in Figure 10, the delay-vs.-time in Figure 11 and the POLQA versus time/sentences in Figure 12.
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	Figure 10: Delay and packet loss versus time on packet layer
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	Figure 11: Delay-vs.-time between source signal and ear recording
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	Figure 12: POLQA versus time / over sentences


3.2.3. Profile: dly_profile_20msDRX_2pct_BLER (#3)

This profile corresponds to the file dly_profile_20msDRX_2pct_BLER.txt of the attachment. The raw packet pattern is shown in Figure 13, the delay-vs.-time in Figure 14 and the POLQA versus time/sentences in Figure 15.
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	Figure 13: Delay and packet loss versus time on packet layer
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	Figure 14: Delay-vs.-time between source signal and ear recording
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	Figure 15: POLQA versus time / over sentences


3.2.4. Profile: dly_profile_20msDRX_10pct_BLER (#4)

This profile corresponds to the file dly_profile_20msDRX_10pct_BLER.txt of the attachment. The raw packet pattern is shown in Figure 16, the delay-vs.-time in Figure 17 and the POLQA versus time/sentences in Figure 18.

	[image: image17.emf]0 20 40 60 80 100 120 140

0

100

200

300

Time [s]

Delay [ms]

dly_profile_20msDRX_10pct_BLER.dat - PLR = 0.1% - Avg. Delay 86.8ms - Jitter 10.0ms

 

 

Delay

Smoothed Jitter

Average Delay

Packet Loss



	Figure 16: Delay and packet loss versus time on packet layer
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	Figure 17: Delay-vs.-time between source signal and ear recording
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	Figure 18: POLQA versus time / over sentences


3.2.5. Profile: dly_profile_40msDRX_2pct_BLER (#5)

This profile corresponds to the file dly_profile_40msDRX_2pct_BLER.txt of the attachment. The raw packet pattern is shown in Figure 19, the delay-vs.-time in Figure 20 and the POLQA versus time/sentences in Figure 21.
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	Figure 19: Delay and packet loss versus time on packet layer
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	Figure 20: Delay-vs.-time between source signal and ear recording
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	Figure 21: POLQA versus time / over sentences


3.2.6. Profile: dly_profile_40msDRX_10pct_BLER (#6)

This profile corresponds to the file dly_profile_40msDRX_10pct_BLER.txt of the attachment. The raw packet pattern is shown in Figure 22, the delay-vs.-time in Figure 23 and the POLQA versus time/sentences in Figure 24.
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	Figure 22: Delay and packet loss versus time on packet layer
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	Figure 23: Delay-vs.-time between source signal and ear recording
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	Figure 24: POLQA versus time / over sentences


3.3. Delay profiles without injected BLER

3.3.1. Profile: dly_profile_0msDRX_2pct_BLER_e2e (#7)

This profile corresponds to the file dly_profile_0msDRX_2pct_BLER_e2e.txt of the attachment. The raw packet pattern is shown in Figure 25, the delay-vs.-time in Figure 26 and the POLQA versus time/sentences in Figure 27.
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	Figure 25: Delay and packet loss versus time on packet layer
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	Figure 26: Delay-vs.-time between source signal and ear recording


	[image: image28.emf]0 20 40 60 80 100 120 140

1

2

3

4

5

Time [s]

POLQA SWB Score [MOS]

POLQA vs. Time (Profile: dly_profile_0msDRX_2pct_BLER_e2e)

 

 

Avg. MOS = 3.63 - Std.Dev. = 0.26

Avg. MOS = 3.64 - Std.Dev. = 0.25



	Figure 27: POLQA versus time / over sentences


3.3.2. Profile: dly_profile_0msDRX_10pct_BLER_e2e (#8)

This profile corresponds to the file dly_profile_0msDRX_10pct_BLER_e2e.txt of the attachment. The raw packet pattern is shown in Figure 28, the delay-vs.-time in Figure 29 and the POLQA versus time/sentences in Figure 30.
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	Figure 28: Delay and packet loss versus time on packet layer
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	Figure 29: Delay-vs.-time between source signal and ear recording
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	Figure 30: POLQA versus time / over sentences


3.3.3. Profile: dly_profile_20msDRX_2pct_BLER_e2e (#9)

This profile corresponds to the file dly_profile_20msDRX_2pct_BLER_e2e.txt of the attachment. The raw packet pattern is shown in Figure 31, the delay-vs.-time in Figure 32 and the POLQA versus time/sentences in Figure 33.
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	Figure 31: Delay and packet loss versus time on packet layer
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	Figure 32: Delay-vs.-time between source signal and ear recording
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	Figure 33: POLQA versus time / over sentences


3.3.4. Profile: dly_profile_20msDRX_10pct_BLER_e2e (#10)

This profile corresponds to the file dly_profile_20msDRX_10pct_BLER_e2e.txt of the attachment. The raw packet pattern is shown in Figure 34, the delay-vs.-time in Figure 35 and the POLQA versus time/sentences in Figure 36.
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	Figure 34: Delay and packet loss versus time on packet layer
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	Figure 35: Delay-vs.-time between source signal and ear recording
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	Figure 36: POLQA versus time / over sentences


3.3.5. Profile: dly_profile_40msDRX_2pct_BLER_e2e (#11)

This profile corresponds to the file dly_profile_40msDRX_2pct_BLER.txt of the attachment. The raw packet pattern is shown in Figure 37, the delay-vs.-time in Figure 38 and the POLQA versus time/sentences in Figure 39.
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	Figure 37: Delay and packet loss versus time on packet layer
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	Figure 38: Delay-vs.-time between source signal and ear recording
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	Figure 39: POLQA versus time / over sentences


3.3.6. Profile: dly_profile_40msDRX_10pct_BLER_e2e (#12)

This profile corresponds to the file dly_profile_40msDRX_10pct_BLER.txt of the attachment. The raw packet pattern is shown in Figure 40, the delay-vs.-time in Figure 41 and the POLQA versus time/sentences in Figure 42.
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	Figure 40: Delay and packet loss versus time on packet layer
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	Figure 41: Delay-vs.-time between source signal and ear recording
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	Figure 42: POLQA versus time / over sentences


4. Repeatability of measurements

4.1. Repetitions of POLQA measurements
The profile of section 3.3.6 (dly_profile_40msDRX_10pct_BLER_e2e) is used for a series of repetitions. Figure 43 shows the results and the POLQA score per sentence pair. The average POLQA score for the three repetitions varies from 3.3 to 3.6.
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	Figure 43: Repetitions of POLQA versus time / over sentences


4.2. Repetitions of Delay vs Time measurements

The profile of section 3.3.5 (dly_profile_40msDRX_2pct_BLER) seems to show differences between the used radio testers. To illustrate that these differences do not result from the different radio testers, another series of delay vs. time measurements is conducted. Here radio tester B is used (red curve). The three results of the repetitions are shown in Figure 44. Run #1 and #3 seem to be very similar and comparable to radio tester A while Run #2 shows the same delay behavior as in Figure 35.
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	Figure 44: Repetitions of delay versus time 


5. Measurements with clock synchronization

One reason for the results of repeated measurements as shown in Figure 44 can be the clock drift between DUT and measurement equipment. In order to improve reproducibility of measurements, the clock drift is compensated in the next experiment. For radio tester B and the same DUT, the clock drift was determined to -25ppm. The reference gateway MFE VIII.1 allows compensating this drift by modifying its own system clock. 
Please note that in the following diagrams the minimum delay inserted by the profiles was subtracted as well as the delay introduced by the test equipment. So only the delay of the DUT is shown (see below).
To illustrate the impact of the compensated clock drift, delay profiles #6 and #12 (see section 3.2.6 and 3.3.6) were re-measured. These profiles show the most critical behaviour regarding base delay, jitter and packet loss.
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	Figure 45: Repetitions of delay versus time with synchronized clocks (Profile #6)
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	Figure 46: Repetitions of delay versus time with synchronized clocks (Profile #12)


Figure 45 to Figure 50 present the results of the DUT in conjunction with radio tester B. Additionally, the delay versus time curves are corrected by the following values:

	Delay Description
	Value

	MFE VIII.1 (sending delay)
	58.48 ms

	Minimum delay of profile 
	113 (#6) / 98 (#12) ms

	Radio tester delay
	5.20 ms

	MFE VI.1 (analog to digital)
	1.31 ms

	AES MFE VI.1 ( MFE VIII.1
	0.20 ms

	
	

	Sum:
	178.19 / 163.19 ms

	
	


With this corrected representation, the profiles are comparable against each other respectively only show the delay caused by the jitter buffer behavior of the DUT.
6. Measurements with synchronized clocks and delay drift inserted in the jitter profile

The principle presented in section 5 improves the repeatability of measurements with delay and error profiles. But usually in real networks, a clock drift is always present; clock synchronization is not applied in packet-based networks. To simulate the packet drift without the unwanted effects like jitter buffer overrun / overflow with resulting packet drop, the drift can also artificially be included within the TCN file.
In the following analyses, an exemplary clock drift of -50ppm was inserted into the TCN profiles #6 and #12. This leads to a linear shift of the delay profile with the weighting function:
[image: image48.png])= () =t +1




The time index ti addresses the i-th package of the packet stream (i = 1...7500, corresponds to 150.0s of measurement) 
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	Figure 47: Repetitions of delay versus time with synchronized clocks, additional -50ppm included in TCN pattern (Profile #6)
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	Figure 48: Repetitions of delay versus time with synchronized clocks, additional -50ppm included in TCN pattern (Profile #12)


The delays are again compensated as shown in the previous section 5. The results of Figure 47 and Figure 48 do not differ that much from the ones presented in Figure 45 and Figure 46. Moreover, the profiles with and without artificial ppm can be joined without noticing systematic differences. Figure 49 and Figure 50 show the merged delay versus time curves.
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	Figure 49: Repetitions of delay versus time with synchronized clocks, with and without additional -50ppm included in TCN pattern (Profile #6)
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	Figure 50: Repetitions of delay versus time with synchronized clocks, with and without additional -50ppm included in TCN pattern (Profile #12)


7. Conclusions
Measurements of a VoLTE terminal under different impairment conditions were presented. Profiles according to the new proposal of Qualcomm [2] were used.
Compared to the results of [3], the delay profiles are more moderate than in the previous work. Also the POLQA scores do not show large deviations. Even for the worst scenarios (see section 3.3.6), the lowest POLQA score is about 3.30. Best-case POLQA scores for this device are in the range of 3.65.
The investigations of the two different signals used for determining the delay vs. time show a more stable behavior of the MSMP signal. Since it further provides better autocorrelation properties it is proposed to use this signal for determining delay vs. time.
Two different radio network simulators were used in the evaluation. The network simulator related differences regarding delay and POLQA scores are almost negligible.Typically, the observed differences in the delay profiles result from the different states of the adaptive jitter buffer management between the runs of measurement series. It should be noted that for the measurements described in clause 3 no clock synchronization was performed so further differences in delay are caused by the no-synchronized clocks between DUT and reference gateway. 
The impact of clock synchronization is shown in clause 5. It can be seen that the measurement results in general get more repeatable.
The effect of integration of clock drift in the TCN profiles is shown in clause 6. It can be seen that in general the delay vs. time behavior of the DUT gets more variable but the general behavior of the terminal does not change. No systematic differences were observed.

In general it should be discussed whether:

· The measurements should be repeated (e.g. 3 times) in order to better catch the time variant behavior of the DUT.
· To which extent network impairments need to be included in the tests.

· A test should be added where the jitter buffer behavior is tested for different clock mismatch which may appear in practice and may lead to unexpected behavior.
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