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Note: This contribution is an update of S4-140373, fixing a compatibility issue with Fig. 1 (visible only on specific operating systems) and adding extra data on delay measurement in Section 3 for the no profile case. The conclusions and proposals are also updated to reflect the added delay results. 
1 Introduction
This contribution reports new test results with a setup partially aligned with the test methodology described in the latest draft CR to 26.132 in S4-140228. This work is a continuation of S4-140122.

The profiles considered here are actually delay/loss profiles defined in TS 26.114.
2 Description of test setup for downlink testing
2.1 Hardware setup
Experiments followed a setup partly aligned with S4-140228. Some differences are highlighted here. The actual setup is illustrated in Figure 1. One DUT supporting voice over LTE was used in the measurement. Only one LTE radio simulator was used. The call was set up to use AMR-WB at 23.85 kbit/s with DTX off. The UE was registered using the CMW500 network simulator in forward mode. The UE was in headset mode and the audio measurements were performed using the electrical (analog) interface. Impairments were introduced on a dedicated laptop running netdisturb. Test signals were controlled by MultiDSLA with a part using analog interfaces.  
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Figure 1: Test setup for delay /POLQA measurement.

No clock synchronization was used; it should be noted that this reflects the real use case of voice over LTE. However, the MultiDSLA box was used to synchronize the delay/loss profiles used by netdisturb and the test signal in the downlink. 
2.2 Test signal
The test signal used for these tests was according to S4-140228. This signal was provided by Head Acoustics (see http://www.3gpp.org/ftp/tsg_sa/WG4_CODEC/ART-UED/). This signal was constructed by concatenating the two male and two female signals (later referred to as ‘reference files’) in British English from ITU-T P.501 (01/2012); the concatenated speech samples were repeated 5 times for a total length of 5 x (4x8s) =  160s and low-pass filtered to 14 kHz.

Several levels from -30 dBm0 to -16 dBm0 were experimented. The level was eventually set to -26 dBm0 to avoid clipping and degradation of POLQA scores (especially at -16 dBm0).
The POLQA quality measurement was performed offline, by automatically splitting and synchronizing the input/output signals in 8s sentence pairs before calling POLQA.

Following ITU-T P.863.1, a self-test was run on each of the reference files (8s sentence pairs) and it was found that 2 out of 4 reference files had issues to comply with the P.OLQA requirements, as indicated by Fig. 2. Actually the main issue was with one of the 2 male sequences. Still, it was decided to keep all sentences for the experiments.
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	Figure 2: Issues with POLQA.
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Figure 2: Issues with POLQA (cont’d).

The delay estimation reported here was performed with a tool based on frame-based cross-correlation shared by Intel.
2.3 Error profiles
In this contribution the delay/loss profiles are those defined for MTSI in TS 26.114. Only 5 (out of 6) profiles were used, profile 5 assuming frame bundling was not considered.
3 Results for the reference condition (clean channel)

POLQA results for the clean channel are illustrated in Figures 3 and 4.
Figure 3 considers the case of 5 repeats in a single communication. The scores are presented separately for each sentence pair. There are 2 male and 2 female sentence pairs, each of them is repeated 5 times in the test signal, and the test signal was repeated 5 times (denoted Rec1 to Rec5 in the legend). In the x axis, the numbers 1 to 5 indicate the order of presentation of the given reference file in the 160s test signal.
	[image: image4.emf]1

1,5

2

2,5

3

3,5

4

4,5

5

1 2 3 4 5

POLQA score

Reference 1 (male1)

Rec1

Rec2

Rec3

Rec4

Rec5


	[image: image5.emf]1

1,5

2

2,5

3

3,5

4

4,5

5

1 2 3 4 5

POLQA score

Reference 2 (male2)

Rec1

Rec2

Rec3

Rec4

Rec5



	Figure 3: P.OLQA scores for clean channel (5 repeats in the same call).
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Figure 3: P.OLQA scores for clean channel (5 repeats in the same call) (con’d).
Overall, one can observe that in the single call case quality results are quite stable.

Figure 4 considers the case of 5 repeats in different calls, where the UE was connected and disconnected. Again, the scores are presented separately for each sentence pair. The 5 repeats are denoted Comm1 to Comm5 in the legend.

It appears that the first call clearly had an issue that did not occur in the subsequent calls. Based on informal listening of the output file for the first call, an audio degradation could be confirmed; hence the score degradation is not due to POLQA quality estimation. 
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Figure 4: P.OLQA scores for clean channel (repeats in 5 different calls).

Delay measurements based on the same setup (in particular using the P.501-based speech test signal)  were conducted afterwards on the same set of measurements to verify the benefit of having 5 repeats for delay. The delay results in the no profile case are shown in Annex B.

In receiving, in case of 5 repeats in the same call the delay (in ms) varied as follows:

180 169 169 168 167

while in case of 5 repeats in different calls the delay (in ms) varied as follows:

171 180 181 175 178

These variations are felt to be expected in a voice over IP system.
4 POLQA/delay results for no profile (clean channel) and for the delay/loss profiles in TS 26.114 (impaired channel)
The figures reporting POLQA scores and delay measurements for the case with no profile and for profiles 1, 2, 3, 4, 6 from TS 26.114 are gathered in Annex A. Note that packet losses are not shown in the delay measurement plots.
For profile 1 it is found that the POLQA scores do not show significant variation from the clean channel case. The delay is mostly affected by the extra delay caused by the profile itself.
The other profiles turned out to be useful to get a better coverage of the UE behavior in terms of delay and POLQA scores. The profiles from TS 26.114 were developed in the scope of HSPA, however they have been reused for EVS standardization. Furthermore, it is worth nothing that GSMA IR.92 requires the following:

The minimum performance requirements for jitter buffer management of voice media, as described in 3GPP TS 26.114 [35] must be met. 
5 Conclusions and Proposals
This contribution presented an updated evaluation of jitter/loss profiles for UE delay measurement.

In the clean channel cases, stable results for POLQA scores were obtained with 5 repeats in one call; in the case of 5 calls in different calls (UE connected/disconnected), the UE showed an erroneous behavior in terms of POLQA scores (and audio quality) in one call, which was an isolated case. Noting that the DUT was still at the prototype level, it may be concluded that the 5 repeats do not seem to be required as the UE behavior appeared quite stable in general in terms of POLQA scores. On the other hand, the associated delay measurements indicate some variation in measured delay in 5 repeats within the same call or in different calls.
The contribution also considered the use of extra profiles compared to the profiles listed in S4-140227. We propose to consider the tested profiles from TS 26.114 for the ART_LTE work.
It can also be noted that the tests were performed without using no clock synchronization which reflect the real use case of VoLTE. The sources proposes to discard this aspect, given the more significant delay variations observed from the DUT or other sources. 
Annex A: POLQA/delay results for different profiles (including clean channel)
In the following the POLQA score for each individual 8s sentence pairs are reported; the continuous delay estimation using the tool shared by Intel is also depicted – the raw delay estimated (in blue) is smoothed (red line).
A.1 Clean channel
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A.2 Profile 1
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A.3 Profile 2
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A.4 Profile 3
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A.5 Profile 4
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A.5 Profile 6
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Annex B: POLQA/delay results for no profile and 5 repeats 

B.1 Case of 5 repeats in the same call
Each repeat is denoted Recx for recording #x.
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B.2 Case of 5 repeats in different calls (1 repeat per call)
Each repeat is denoted Commx for recording #x.
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