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1 Introduction

In this contribution, the impact of using DTX in conjunction with jitter and loss profiles is discussed. In previous meetings delegates suggested to investigate the impact under such conditions. However, until recently this was impossible due to the complications in synchronized DTX handling in conjunction with TCN files. Under real world network conditions, DTX is enabled in order to reduce the used network capacity and the power consumption. In TS 26.131 and TS 26.132 testing environment, the system simulator emulates perfect network conditions and power consumption is not considered. Nevertheless, DTX may have major influence on the measured speech quality and the measured delays, which is shown and discussed in this contribution.
2 Test Setup 
The DTX setting may impact the testing according to TS 26.131 [1] and TS 26.132 [2] for clean network conditions as well as under simulated delay and loss profile conditions. In this chapter the influence of DTX in conjunction with simulated network impairments is analyzed.
The test setup was exactly as described in TS 26.132, using synchronized TCN files and synchronized DTX handling. Both were synchronized to the speech files used for determining the MOS-LQO scores and the delay variation vs. time.

3 different terminals were used for evaluation. The terminals were evaluated in wideband using AMR-WB with 12.65 kbit/s.

2.1 Evaluation of DTX in conjunction with delay and loss profiles from TS 26.131
In the following table and figures, the differences in speech quality between disabled and enabled network impairments are shown for different devices under test (DUT). These measurements were conducted as described in TS26.131. The delay profile dly_profile_40msDRX_10pct_BLER_e2e was used for all measurements.
	 
	DTX off
	
	
	DTX on
	
	

	 
	TCN 2
	TCN off
	Delta
	TCN 2
	TCN off
	Delta

	DuT A
	3.5
	3.7
	-0.2
	3.3
	3.7
	-0.4

	DuT B
	3.4
	3.6
	-0.3
	3.0
	3.6
	-0.6

	DuT C
	3.4
	3.5
	-0.1
	3.1
	3.5
	-0.3


Table1: MOS-LQO scores with and without DTX synchronized to the profile 2 from TS 26.132
Table 1 shows the MOS scores calculated according to TS 26.132. It can be seen that there are quite substantial differences in the scores when using the profiled described above. In general for all terminals the MOS-LQO numbers are lower with DTX than without DTX. This effect was investigated further in more detail.
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Figure 1: Measured speech quality with DuT A for DTX switched on/off and network impairments switched on. MOS, ΔMOS, and delays are shown respectively.
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Figure 2: Measured speech quality with DuT B for DTX switched on/off and network impairments switched on. MOS, ΔMOS, and delays are shown respectively.
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Figure 3: Measured speech quality with DuT C for DTX switched on/off and network impairments switched on. MOS, ΔMOS, and delays are shown respectively.
A more detailed analysis is provided in Figs. 1-3. As shown in Figure 1, the measured speech quality decreases if DTX is switched on in the reference client. Especially the fourth and fifth repetition of the measurement sequence, from 96 s up to the end of the measured signal result in much worse MOS values. This measurement result indicates possible problems of the DuT A regarding the combination of DTX usage and network impairments. The (less realistic) network scenario, without DTX, leads to fairly good MOS values compared to the (more realistic) network scenario with DTX. In opposite, the delay variation observed without DTX is much higher than with DTX indicating a high increase of the jitter buffer obviously allowing transmitting all packets with lower speech quality degradation.
Figures 2 and 3 show the same results for DuTs B and C. As observed for terminal A the MOS scores decrease with DTX on. The delay variation is decreased as well but not by the same amount as observed for terminal A.
For all terminals it seems that SID frames are used to readjust the jitter buffer and minimize the delay. This may affect the measured speech quality resulting in a degraded MOS-LQO score.
2.2 Jitter Buffer Management with DTX

In this chapter, the main focus is the changing behavior of the DuTs with DTX activated and deactivated during the measurement.

On the one hand, the current practice in many measurement standards like (3GPP TS 26.132) is to test DuTs with DTX deactivated. On the other hand, DTX is widely used in the real world. It will be shown, that this discrepancy limits the reasonable options for the DUT to adjust its jitter buffer depth, which can greatly affect the measurement results.
If network conditions become worse during a VoLTE call, i.e., the network delay and/or jitter increase, the jitter buffer management of the receiving client has to increase the depth of its jitter buffer to compensate for the worse network and avoid packet losses.
If later network conditions recover again, i.e., the network delay and/or jitter decrease again, the receiving client should decrease the depth of its jitter buffer to reduce the transmission delay in order to enhance conversation quality.
Several techniques exist to adjust the depth of the jitter buffer without audible artifacts. One method suitable for real-life applications is to wait for the next DTX phase and lengthen/shorten the generated comfort noise duration accordingly, e.g., (WO2000042749 A1) [4], (3GPP TS 26.448) [3].
In this experiment, the three DuTs are each connected to the VoIP reference client as described above.
The measurements conducted consist of nine steps (see, e.g., Figure 4 for DuT A), which are all performed in one established call:

1. In the beginning, DTX is deactivated at the reference client and the transmission delay is determined without network impairments.
2. Then, the transmission delay is measured with network delay and jitter according to the TCN profile dly_profile_20msDRX_10pct_BLER_e2e of (3GPP TS 26.132). As expected, the transmission delay is increased by 60 ms, which is sort of the maximum delay of the TCN profile.
3. After turning network impairments off, the transmission delay is tested again with the initial network conditions. As a result, the transmission delay stays with this DuT at its high level even after more than two minutes.
4. For the second part of this evaluation, DTX is activated at the reference client leading immediately to a comfort noise phase. Since the next measurement of the transmission delay results in the initial transmission delay, the depth of the jitter buffer of the DuT was apparently reduced to its initial value.

5. When now measuring with TCN profile dly_profile_20msDRX_10pct_BLER_e2e turned on, the transmission delay increases again by 60 ms as expected.

6. Finally, network impairments are turned off again while keeping DTX activated. The next measurement shows that the transmission delay immediately drops to its initial value.

7.–9.
The steps 1. – 3. are repeated to evaluate the reproducibility of results with deactivated DTX.
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Figure 4: Transmission delay measurements with DuT A.

The measurements with the other two DuTs (see Figure 5 and 6, respectively) show that all three DuTs behave the same with respect to changing network conditions with activated and deactivated DTX.
Note, that a different “base delay” is to be expected for every new call even with the same DuT and especially between different DuTs. Additionally, the reference clients delay is not compensated for these plots.
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Figure 5: Transmission delay measurements with DuT B.
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Figure 6: Transmission delay measurements with DuT C.

One explanation for the observed behavior is that the evaluated DuTs adjust the depth of their jitter buffer only during comfort noise phases (DTX) but not in their absence.

Accordingly, the current measurement practice to evaluate DuTs with DTX deactivated as, e.g., in (3GPP TS 26.132) has two implications:

1. In a real-world scenario, where DTX is activated, enlarging and shortening of comfort noise phases is probably the fastest and most reliable technique to re-adjust the jitter buffer filling level.
If, however, DuTs are evaluated with DTX deactivated, in fact an unrealistic border case is tested instead of the jitter buffer management which is active in real world.

2. The depth of the jitter buffer of the DuT depends on previous measurements, especially on whether a TCN profile was applied or not. This can result in different transmission delays, different initial states, and possibly unreproducible results for repeated measurements.

3 Conclusions

In this contribution, the impact of DTX on speech quality measurements is shown. Firstly, the influence of DTX in conjunction with simulated network impairments on speech quality and delay is shown. When measuring without DTX, the speech quality measured may be more optimistic than observed finally in the network with DTX active. The measured delay with and without DTX may differ significantly. In general the delay observed in conjunction with simulated jitter and loss conditions with DTX active is lower compared to DTX off. 

Secondly, an evaluation was presented, which implies that the DuTs in our tests adjust the depth of their jitter buffer only during (DTX) comfort noise phases. Therefore, care must be taken when switching DTX off in the reference client since depending on test situation the jitter buffer may not re-adjust and thus leading to high delay which potentially can affect the following measurements.
Since the overall goal of measurement standards like (3GPP TS 26.132) is to improve and/or guarantee the performance of DuTs in the real-world application, the test environment should be as realistic as possible. As one step in this direction, DTX should be activated during testing, especially during testing with simulated network impairments. As a side effect this can also lead to more reproducible results.
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