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Introduction

This contribution shows results of delay and speech quality measurements for an IMS based speech service over LTE call with a terminal using some of the delay profiles presented in S4-AHQ077 and the general measurement method described in 
Description of test setup for downlink testing
Hardware setup

The setup is the same as presented in S4-AHQ076 and reproduced here for convenience. The media flow setup is comprised of:
· An LTE Radio Communication Tester providing the functionality of a base station simulator and routing incoming RTP packets to remote IP address destinations
· An MFE IX network impairment module, supporting TCN delay profiles, applying a specific delay (or packet loss) to each incoming packet
· An MFE VIII.1 reference client providing SIP call capability, clock synchronization, speech encoding and decoding and routing of audio to an external audio interface

· An MFE VI.1 providing an audio interface to the analysis PC
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Figure 1 - Test setup for IMS based speech services delay and speech quality
TCN delay profiles are derived from S4-AHQ077 and uploaded to the MFE IX (network impairment module) for use in the measurements.

Packet logging capability was enabled on the UE as well as through the USB port on the MFE VIII.1 (remote SIP client). The logs on the MFE VIII.1 port were collected using Wireshark software. These additional logging points provide further information on the test setup.

The calls were performed with AMR speech codec operating at 12.2 kbit/s (narrowband). It was verified through the additional logs that in sending direction (from UE to remote SIP client) DTX functionality was enabled, but on the downlink (from remote SIP client to UE) DTX was disabled.
Test signal


The test signal was created by repeating the American English test signal used for noise suppression tests (available in ETSI TS 103 106) once. This signal provides for calculation of scores for each 8s sentence pair (following P.OLQA application guide) and contain sentences used during the P.OLQA training/validation being a good candidate for accurate use with P.OLQA. The total duration of the test sequence is 160s. The active speech level in receiving direction was adjusted to -16dBm0.

Measurement method

Delay


The recordings in receiving direction were conducted at HATS DRP using diffuse-field equalization. The delay estimation over time is calculated by cross-correlating the signal recorded at DRP to the playback source signal. An FFT analysis window of 131072 samples with 50% overlap was chosen. The audio interface is configured for 48kHz sampling rate operation. This analysis configuration produces one delay output approximately every 1.3s.
Delta Speech Quality


For the evaluation of the delta speech quality in the presence of loss and jitter, the prediction algorithm described in ITU-T P.863 is used. Scores are calculated for each of the 20 sentence pairs in the recordings. A mean and standard deviation are calculated.
Measurement repeats

To verify the repeatability of the test, each test condition was repeated five times.

Preparation measurement

Prior to the actual tests a measurement is performed to verify the amount of clock drift between the reference client and the UE. The reference client clock is adjusted to minimize drift. 

Delay and loss profiles

The delay and loss profiles defined in S4-AHQ077 were used. Only the end to end simulation profiles (meant for use without direct error insertion in the downlink radio interface) were used. This is due to the current limitations in configuring the error insertion loss and HARQ transmissions in the base station simulator.
· No profile
· 0ms_DRX_2pct_BLER_e2e

· 0ms_DRX_10pct_BLER_e2e

· 20ms_DRX_2pct_BLER_e2e

· 20ms_DRX_10pct_BLER_e2e

· 40ms_DRX_2pct_BLER_e2e

· 40ms_DRX_2pct_BLER_e2e
With the use of the end to end simulation profiles, it must be ensured that the base station simulator does not use a regular scheduling in downlink but rather transmits the packet as soon as it is available. 

Objective speech quality results

For each of the 20 sentence pairs in the speech test signal, the mean and standard deviation of the MOS-LQOn (over 5 repeats) are reported in figures 2-4. 


It can be seen that no statistical significant difference exists between the scores of the 2% BLER profiles and the ideal channel conditions. This is an expected behavior given the very low packet loss observed in this condition (which may happen during silent periods)

On the other hand, in the profiles simulating deeper fading channel conditions (10% BLER), some of the sentences exhibit a statistical significant difference, likely indicating the presence of some packet loss.
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Figure 2 - POLQA scores for 20 sentence pairs with 0ms DRX profiles
[image: image3.png]ITU-T P.863 MOS-LQON

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Sentence Pair Index
—+—No Profile
—#—MOS_20ms_DRXcycle_10pct_simulated_BLER
—4—MOS_20ms_DRXcycle_2pct_simulated_BLER




Figure 3 - POLQA scores for 20 sentence pairs with 20ms DRX profiles
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Figure 4 - POLQA scores for 20 sentence pairs with 20ms DRX profiles
Delay results using POLQA delay calculation algorithm


For each of the 20 sentence pairs in the speech test signal, the mean and standard deviation of the average delay reported by the POLQA algorithm (over 5 repeats) are reported in figures 2-4. 


It can be seen that a very large standard deviation exists for certain points. This effect is largely due to delay jumps between different repeats of the measurement, representing an actual delay increase (either in the UE JBM or setup)

Nevertheless, the effects of increased delay with additional BLER and longer DRX cycles are illustrated in the plots.
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Figure 5 - Average delay for each sentence pair in 0ms DRX scenarios
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Figure 6 - Average delay for each sentence pair in 20ms DRX scenarios
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Figure 7 - Average delay for each sentence pair in 40ms DRX scenarios
Delay measurements using cross correlation

The variation in delay between repeats is more easily observed by looking at the cross correlation vs time delay calculations. Two profiles are shown here (no loss and jitter and 40ms_DRX_10_pct_BLER)
No loss and jitter:
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Conclusions
· The results indicate viability of the proposed methodology for UE delay and speech quality in LTE. It could be verified that the operation of the profiles is preserved (see UE logs in the appendix)

· The profiles of 2% BLER provide little additional information and could be removed from the requirements. 

· The presence of delay jumps between measurements indicates that more repeats may be necessary to capture such behavior.
· The use of real speech as a test signal appears suitable for the purposes of the test (identifying maximum delay within the test signal sequence).

· Jitter may exist in the generation of packets by the reference client (see Appendix). This needs further investigation.
Appendix – Additional RTP logs at UE and MFE VIII.1
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Figure 8 - RTP jitter observed at UE for no profile test condition
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Figure 9 - RTP jitter observed at UE for 40ms DRX and 10% BLER condition
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Figure 10 - Logs from MFE VIII.1 in receiving direction (MFEVIII.1 to UE)
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2 0.001064 172.22.1.100 172.22.2.2 RTP 61 SSRC=0x408C58F, Time=2577

13 0.161003 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2577.
25 0.322115 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2577
34 0.482110 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2577
47 0.642104 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2577
59 0.802083 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2577
73 0.961057 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2578
84 1.122003 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2578
94 1.282088 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2578
105 1.442099 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2578
118 1.602065 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2578
129 1.763079 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2578
138 1.922075 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2578
152 2.081072 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2578
163 2.242085 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2579
175 2.402067 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2579
188 2.562077 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2579
197 2.720992 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2579.
208 2.881062 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2579
222 3.042051 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2579
233 3.202071 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2579
242 3.362048 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2579
254 3.523059 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2580
268 3.681042 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2580
279 3.841046 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2580
300 4.003054 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2580
317 4.162002 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2580
330 4.322042 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2580
341 4.482040 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2580
351 4.642033 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2580
363 4.801015 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2581
375 4.962012 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2581
389 5.123009 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2581
400 5.282011 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2581
409 5.441003 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2581
420 5.602021 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2581
433 5.760997 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2581
444 5.922010 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2582
458 6.083055 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2582
467 6.242006 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2582
478 6.400975 172.22.1.100 172.22.2.2 RTP 61 PT=DynamicRTP-Type-108, SSRC=0x408CS8F, Time=2582. |
490 6.560948 172.22.1.100 172.22.2.2 RTP 61 P namicRTP-Type-108, SSRC=0x408CS8F, Time=2582 «
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Figure 11 - Logs from MFE VIII.1 in sending direction (UE to MFEVIII.1)
[Type text]


