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Overview
In [1] and [2], new signals and jitter profiles were proposed for measuring delay and speech quality in VoLTE.  This contribution reports some recent results.
Methods

The methods described in [1] were used to make repeated measurements of delay in Sending, Receiving, and Loop-back on one UE, commercially available hardware but pre-production IMS client.  Set up is as described in [2], using clock synchronization. The five Sending and Receiving measurements were made in one MO call, in an alternating fashion (e.g., Send#1, Receive#1, Send#2, etc.).  For this contribution, only clean network conditions were used, no jitter profiles. While the measurements were taken in alternating fashion, they are presented as repeated measures within one condition.

Results: Sending direction
The Sending results are shown as plots of cross-correlation versus time.  The following five figures show results from the five Sending direction measurements.
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Figure 1. Sending measurement 1.
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Figure 2 Sending measurement 2
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Figure 3 Sending measurement 3
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Figure 4 Sending measurement 4
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Figure 5 Sending measurement 5

[image: image6]
Figure 6.  All sending measurements, per utterance.


[image: image7]
Figure 7.  All sending measurements, per utterance:  change in delay (y-axis) scale.
While the Sending delay is generally in the range of about 130ms, there is some variation within the duration of the call.  This appears to be more prevalent toward the start of the measurement interval.  Note that for one measurement (run2), there was a step increase of about 250ms at utterance 24.  Computing mean, standard deviation, minimum, maximum and range across the runs, after removing the first 5 observations, and all observations beyond 23 for run 2, yields the values reported in Table 1, all in msec.
	
	Send Delay

	
	Run1
	Run2
	Run3
	Run4
	Run5

	AVG
	132.4
	129.4
	130.6
	131.7
	127.4

	SD
	6.4
	6.5
	7.1
	6.1
	8.7

	MIN
	121
	120
	112
	114
	109

	MAX
	148
	142
	143
	145
	149

	RANGE
	27
	22
	31
	31
	40


Table 1 Sending delay statistics, per run
Results: Receiving direction
The Receiving results are shown as plots of cross-correlation versus time.  The following five figures show results from the five Receiving direction measurements.

[image: image8.wmf]Cross correlation vs. time  FFT Size:131072  Overlap:75.0%  Normalized  

t/s



0

0.2

0.4

0.6

0.8

1

t/s

0

25

50

100

125

150

%

20

22

24

26

28

30

RCV(2)*Source 


Figure 8 Receiving measurement 1
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Figure 9 Receiving measurement 2
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Figure 10 Receiving measurement 3
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Figure 11 Receiving measurement 4

[image: image12.wmf]Cross correlation vs. time  FFT Size:131072  Overlap:75.0%  Normalized  

t/s



0

0.2

0.4

0.6

0.8

1

t/s

0

25

50

100

125

150

%

20

22

24

26

28

30

RCV(2)*Source 


Figure 12 Receiving measurement 5

[image: image13]
Figure 13.  All Receiving measurements, per utterance.
The Receiving delay is on average about 260 ms, with some variation within the call.  In contrast to the Sending direction, this variation occurs throughout the measurement, and appears to range from 210 ms to about 290 ms, or roughly 80 ms (four 20-ms frames), with a period of roughly every 7 or 8 sentences.  Computing mean, standard deviation, minimum, maximum and range across the runs yields the values reported in Table 2, all in msec
	
	Receiving Delay

	
	Run1
	Run2
	Run3
	Run4
	Run5

	AVG
	239.2
	240.8
	242.2
	243.2
	242.2

	SD
	22.6
	21.8
	19.1
	22.3
	21.5

	MIN
	210
	210
	215
	216
	219

	MAX
	291
	290
	292
	296
	296

	RANGE
	81
	80
	77
	80
	77


Table 2  Receiving delay statistics, across runs
Results: Loop back
The Loop back results are also shown as plots of cross-correlation versus time.  The following five figures show results from the five Loopback measurements.  As the IMS server configuration was different, these measurements were taken consecutively in a second MO call.
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Figure 11 Loopback measurement 1
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Figure 12 Loopback measurement 2
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Figure 13 Loopback measurement 3
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Figure 14 Loopback measurement 4
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Figure 15 Loopback measurement 5
In contrast to the Sending and Receiving direction measurements, there is virtually variation in the Loopback data.  All five measurements are 189ms.

Discussion
The results from Sending and Receiving show variation within a call, in contrast to the results from the Loopback mode which are more stable.  While this could be construed as a motivation to use the Loopback mode, the Source contends that the Loopback mode is highly artificial, not encountered in reality.  The behaviour of the current terminals appears to require repeated measurements to comprehensively characterise the nature of the delays in Sending and Receiving.
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