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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 delay and error profiles described in [1] 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. From these new final profiles were generated during the SA #77 meeting in Seoul [8] which were used in this contribution.
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 only the influence of the inserted impairments clock synchronization to the DUT was performed in advance to the measurements. 

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.

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.

All delay measurement results have been corrected by the test equipment delay.
An overview about the measurement setup is shown in Figure 1. Three different VoLTE terminals were used in this measurement series. 
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Figure 1: Test setup of VoLTE acoustic testing.
2.2. Source Signal for delay and speech quality measurements
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). 
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
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 vs. time between the source signal and the signal recorded at the artificial ear. Delay discontinuities can occur due to the behavior of the adaptive jitter buffer of the DUT.
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 4.0s:
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The delay and error profiles of contribution S4-140197 [8] were used. Potential clock drift was compensated for each DUT separately before all measurements. To avoid call-dependent delay jumps, all profiles including the clean channel condition were recorded within one single call.
3.1. Delay profile #1: delay_profile_20msDRX_10pctBLER_e2e
This profile corresponds to the file delay_profile_20msDRX_10pctBLER_e2e.txt of the attachment of [8]. The raw packet pattern is shown in Figure 3 and the delay-vs.-time in Figure 4.
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	Figure 3: Delay and packet loss versus time on packet layer
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	Figure 4: Delay-vs.-time between source signal and ear recording for multiple DUTs
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	Figure 5: POLQA scores - source signal and ear recording for multiple DUTs


3.2. Delay profile #2: delay_profile_20msDRX_10pctBLER_ue1_to_eNB2
This profile corresponds to the file delay_profile_20msDRX_10pctBLER_ue1_to_eNB2.txt of the attachment of [8]. The raw packet pattern is shown in Figure 6 and the delay-vs.-time in Figure 7, the POLQA scores on a double sentence basis in Fig. 8.
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	Figure 6: Delay and packet loss versus time on packet layer
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	Figure 7: Delay-vs.-time between source signal and ear recording for multiple DUTs
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Figure 8: POLQA scores - source signal and ear recording for multiple DUTs
3.3. Delay profile #3: delay_profile_40msDRX_10pctBLER_e2e
This profile corresponds to the file delay_profile_40msDRX_10pctBLER_e2e.txt of the attachment of [8]. The raw packet pattern is shown in Figure 9 and the delay-vs.-time in Figure 10, the POLQA scores on a double sentence basis in Fig. 11.

	[image: image18.emf]0 20 40 60 80 100 120 140 160

0

50

100

150

Time [s]

Delay [ms]

delay_profile_40msDRX_10pctBLER_e2e

 

 

Delay

Drops



	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 for multiple DUTs
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Figure 11: POLQA scores - source signal and ear recording for multiple DUTs
3.4. Delay profile #4: delay_profile_40msDRX_10pctBLER_ue1_to_eNB2
This profile corresponds to the file delay_profile_40msDRX_10pctBLER_ue1_to_eNB2.txt of the attachment of [8]. The raw packet pattern is shown in Figure 12 and the delay-vs.-time in Figure 13, the POLQA scores per double sentence in Fig. 14.
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	Figure 12: Delay and packet loss versus time on packet layer
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	Figure 13: Delay-vs.-time between source signal and ear recording for multiple DUTs
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Figure 14: POLQA scores - source signal and ear recording for multiple DUTs
4. Conclusions
The measurements clearly show the different delay behavior of the 3 terminals under test. The “macro” – delay calculation which was used based on the discussions and the proposals of the last SA #4 meeting in Seoul and the delay profiles [8] seem to work as expected. For the profiles chosen almost no speech quality degradation based on the P.863 measurements were observed for the terminals under test.
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