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1. Introduction
In [1] background information and test results were given for loopback measurements and measurements separately in sending and receiving for VoLTE terminals. 

In this contribution the test results of another, commercially available VoLTE terminal are shown in loopback. The measurement results confirm the findings in [1] and further show that the assumption of a constant phase relationship between the outgoing and the incoming packet stream of a VoLTE terminal does not hold for all terminals.

2. Loop back measurements – Test Setup
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Fig. 1: Test setup for the loopback mode test

In the loopback, an additional delay from 0 ms up to 25 ms in 5 ms steps is introduced to verify the stability of the loopback measurement. In this case IPv4 was used and the additional delay was introduced by the CMW 500 impairment simulator. For comparison, the results for 0 ms round trip delay are added using the CMW 500 loopback without any impairment simulator. For all measurements the following corrections for the measurement equipment have been applied:
	Round trip delay test equipment
	

	Delay MFE VI.1 (A/D)
	1.31 ms

	Delay MFE VI.1 (D/A)
	0.4 ms

	Delay CMW 500 (receive)
	8.37 ms (see [1])

	Delay CMW 500 (send)
	9,11 (see[1])

	Sum:
	19.19 ms


Table 1: Test equipment delay

	DUT 
	
	
	
	
	

	Additional delay by CMW
	1. Call
	2. Call
	3. Call
	4. Call
	5. Call

	0 ms
	177,6
	179,7
	179,5
	188,5
	185

	5 ms
	178,3
	187,1
	174,7
	189,7
	177

	10 ms
	179,7
	175,3
	176,9
	180,7
	170,3
	Roundtrip

	15 ms
	167,9
	174,1
	183,6
	167,9
	180,8
	min
	167,9

	20 ms
	194,6
	186,7
	190,6
	184,3
	185,7
	av.
	180,3

	25 ms
	188,5
	178,2
	180,3
	175,6
	171,5
	max
	194,6


Table 2: Delay measurements with loopback delay variation
	DUT 
	
	
	
	
	

	Loopback
	1. Call
	2. Call
	3. Call
	4. Call
	5. Call

	0 ms
	185,6
	179
	184,9
	180,7
	180,6


Table 3: Delay measurements with direct loopback in CMW 500
For this terminal no stable delay measurement is possible in loopback mode (see Table 2). The delay varies between 167.9 ms and 194.6 ms depending on call and roundtrip delay chosen. Three effects can be seen:

a) Measured delay varies depending on call and roundtrip delay

b) Delay jumps between different calls (up to 17 ms, red)
c) Measured delay varies depending on selected additional round trip delay up to about 21 ms

The delay instability in roundtrip mode is confirmed by the measurement without additional roundtrip delay, see Table 3. The measured values vary in the same range as observed in Table 2.

3. Sending- and Receiving Delay 

The Sending and receiving delay was measured separately using the setup as described in [1]
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Fig. 2: Test setup for measuring the delay in receiving
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Fig. 3: Test setup for measuring the delay in sending

The following values were used for correction of the test equipment delay:

	Receiving
	

	Delay MFE VIII.1
	58.48 ms

	Delay AES-EBU (between MFE VIII.1 and MFE VI.1
	0.2 ms

	Delay MFE VI.1 (A/D)
	1.31 ms

	Delay CMW 500
	8.37 ms (see [1])

	Sum:
	68.36 ms


Table 4: Test equipment delay receiving

	Sending
	

	Delay MFE VIII.1 (20ms ptime,     30 ms Jitterbuffer)
	142.54 ms

	Delay AES-EBU (between MFE VIII.1 and MFE VI.1
	0.2 ms

	Delay MFE VI.1 (D/A)
	0.4 ms

	Delay CMW 500
	9.11 ms (see [1])

	Sum:
	82.25 ms


Table 5: Test equipment delay sending

With this setup the following delays were measured with different calls:

	Delay in ms
	Receive
	Send

	
	42,5
	96,1

	
	63,4
	92,7

	
	40,3
	95,2

	
	53,5
	102,3

	
	46,4
	98,1

	
	48,5
	101,6

	
	55,1
	100,4

	
	45,4
	93,0

	
	55,0
	94,2

	
	65,1
	88,0

	
	47,3
	88,9

	
	41,4
	85,6

	
	49,9
	90,4

	
	48,1
	104,8

	
	60,3
	83,9

	
	57,4
	99,3

	
	57,1
	93,6

	
	45,3
	92,7

	
	56,2
	93,1

	
	44,0
	93,7

	
	65,4
	91,2

	
	43,7
	95,4

	
	47,5
	91,3

	
	57,7
	96,7

	
	55,1
	90,7

	
	47,0
	97,1

	
	46,7
	93,3

	
	43,8
	92,6

	
	42,3
	91,7

	
	52,0
	100,2

	
	
	
	Roundtrip

	Maximum
	65,4
	104,8
	170,2

	Average
	50,8
	94,3
	145,0

	Minimum
	40,3
	83,9
	124,1


The measurement results in sending and receiving are within the expected range as described in [1]. 

It can be seen that the roundtrip delay calculated based on these measurement varies between 124 ms and 170 ms with an average of 145 ms.
4. Conclusions

The round trip delay measurements shown in this contribution do not seem to give reliable and repeatable results for the terminal under test used in these experiments. It can be assumed that this terminal does not have a fixed phase relationship between outgoing and incoming packet streams which so far was assumed to be the case and which so far was the basis for loopback tests. 
The measured delays using the different method do not seem to give comparable results. Surprisingly the delay measured using the roundtrip method is higher than the delay measured in sending and receiving separately.

	
	Roundtrip from S+R
	Roundtrip Method

	
	ms
	ms
	ms
	ms

	
	Min
	Max
	Min
	Max

	DUT 1
	124
	170
	195
	168
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