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1. Introduction
For determining VoLTE terminal delays different methods can be used. 
This contribution compares tests based on loopback measurements and measurements in sending and receiving separately. The different effects found and the systematic differences between these measurements are discussed.

2. Loop back measurements

The situation when measuring in loopback mode can be explained more in detail based on Fig. 1. 
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Fig. 1: Timing between sending and receiving in loopback mode, position of the first audio sample in the packet
When performing a measurement in loopback mode not only the clock of the DUT is synchronized (because just its own clock is used) but also the packets are synchronized with a well defined (probably very low) phase shift between sending and receiving packets. This assumption holds for the devices we tested but it is not clear whether this assumption holds for all VoLTE terminals in general. As can be seen in Fig. 1, the acoustical delay between a sending device and a receiving device is independent of the position of the first audio sample in the packet, if and only if the sending stream and the receiving stream are synchronized.

The test setup used for a loopback measurement is shown in Fig.2. In this case, the radio tester mirrors the incoming packet stream back to the device under test (DUT). With such a signal routing, the roundtrip delay of a DUT may be measured. No information about sending delay and receiving delay is gained.
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Fig. 2: 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. The additional delay is introduced by the MFE IX used as a loopback device at the IP interface of the CMW 500. 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 1
	
	
	
	
	

	Delay by MFE IX
	1. Call
	2. Call
	3. Call
	4. Call
	5. Call

	0 ms
	166,3
	166,7
	166,6
	166,2
	166,3

	5 ms
	161,1
	181,7
	181
	161,5
	160,9

	10 ms
	176,3
	176,6
	176,9
	176,1
	176,6

	15 ms
	171,6
	172
	171
	171,8
	172,2

	20 ms
	165,9
	166,4
	166,5
	165
	166,5

	25 ms
	161,2
	181
	181,7
	161,6
	163,2


Table 2: Delay measurements DUT 1
	DUT 3
	
	
	
	
	

	Delay by MFE IX
	1. Call
	2. Call
	3. Call
	4. Call
	5. Call

	0 ms
	93,3
	91,7
	90,6
	90,5
	112,3

	5 ms
	106,6
	106,6
	106,6
	106,6
	106,6

	10 ms
	101,6
	101,6
	101,4
	101,4
	101,5

	15 ms
	96,6
	96,6
	96,6
	96,6
	96,6

	20 ms
	91,6
	112,4
	112,4
	91,5
	112,4

	25 ms
	107,4
	107,4
	107,3
	107,3
	106,2


Table 3: Delay measurements DUT 2

In some cases the measured roundtrip delays shown in both tables for two different DUTs remain nearly constant from call to call. However, this is not valid for all delay measurements. Two effects can be seen:

a) Delay jumps of 20 ms between different calls 
b) Measured delay varies depending on selected round trip delay up to about 15 ms

From this observation two facts can be derived:
Firstly, the delay variation for the different roundtrip delays are due to the packet based transmission and a jitter buffer of a size of at least one packet. Depending on the loopback delay and the phase shift between outgoing packet stream and incoming packet stream the jitter buffer gets filled more or less. As a result we see a delay variation (marked in orange, table 2&3). The loopback delay resulting in the measurement of the minimum DUT delay cannot be predicted since the phase shift between outgoing packets and incoming packets depends not only on the externally inserted delay but on the internal (unknown) phase shift of the streams in the DUT as well. 
Secondly, the delay jumps of 20 ms can be explained by the packet based audio transmission and a DUT-dependant slight phase shift between outgoing and incoming packets (see Fig.3). The small variable offset between both synchronized packet streams may be explained e.g. by the limited computational power of the device. Although it seems that there is generally a fixed phase relationship between the outgoing packets and incoming packets a slight call dependant delay variation seems to present. As a consequence the received packet may not be transmitted within the same frame when adding the additional delay in the roundtrip path. This leads to a shift of the received audio by a single packet, the received packet will no longer be received simultaneously to the sent packet. It is stored in the jitter buffer which results in a delay-jump of 20 ms (marked in red, tables 2&3).  This behaviour is unpredictable since the internal processing and the amount of the delay variation as well as the conditions under which this may occur in the DUT are unknown.
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Fig. 3: Small (variable) offset in round trip measurements in loopback tests

3. Delay measurements in receiving

The test setup for delay measurements in receiving is shown in Fig. 3. 
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Fig. 4: Test setup for measuring the delay in receiving

For the results reported below the following test equipment delays have been used and subtracted from the test result:
	Receiving
	

	Delay MFE VIII.1
	48.48 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:
	58.36 ms


Table 4: Test equipment delay receiving
Using two devices in the packet based transmission, the DUT and the reference gateway MFE VIII.1, with the reference gateway synchronized to the clock of the DUT results in a different behaviour regarding the delays from call to call as illustrated in Fig. 5.
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Fig. 5: Timing between sending stream (reference gateway) and the receiving stream (DUT) with clock synchronization
In the case of two devices and synchronized clock (the sending stream and receiving stream synchronized) the relative position of the 20 ms packets is constant during a call but not constant from call to call. In general there is no fixed phase relationship between both packet streams. Therefore, connecting two different IP devices will unavoidably result in a delay variation between 0ms and 20ms from call to call. This behaviour has to be taken into account when measuring the delay of any packet based terminal such as a VoLTE terminal. 
In Figs. 6-8 test results of 30 times repeated measurements of 3 different VoLTE terminals are shown. Between each call, the sending stream of the MFE VIII.1 is restarted and a new call is established. All measurement results are corrected by the test equipment delay – so the delays in receiving of the DUTs are shown. It can be seen that the assumption of non-fixed phase relationship of the 20 ms packets (timestamps) of the DUTs can be confirmed for all devices.
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Fig. 6: Delay distribution in receiving for DUT 1
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Fig. 7: Delay distribution in receiving for DUT 2
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Fig.8: Delay distribution in receiving for DUT 3

The range of delays measured is almost in the range of the expected 20 ms, slightly higher for DUT 2 where the range of the measured delay increases up to roughly 25 ms. No maximum in the distribution can be seen. It is expected that the distribution is uniform. The maximum delay in receiving for DUT 1 is 108 ms, for DUT 2 is 86 ms, for DUT 3 is 56 ms. 
4. Delay measurements in sending
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Fig. 9: Test setup for measuring the delay in sending

For the results reported below the following test equipment delays have been used and subtracted from the test result:

	Sending
	

	Delay MFE VIII.1 (20ms ptime,     100 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:
	152.25 ms


Table 5: Test equipment delay sending

The measured delays in sending are shown in Figs. 9-11. As in receiving it can be seen that the delays are spread in a range of about 20 ms. The explanation for this effect is the same as described already for the receiving direction. Although it looks like that there might be a maximum in the distribution of the measurement results for DUT 1 and DUT3 we don’t believe that such maximum exists. A uniform distribution is expected. Most likely the number of measurements is not sufficient to proof this assumption. The maximum delay in sending varies between 76 and 138 ms for the devices tested.
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Fig.9: Delay distribution in sending for DUT 1
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Fig.10: Delay distribution in sending for DUT 2

[image: image12.png]Nbr of Occurencies

=
o

O R, N W s U O N 0 WO

DUT3 - SND Delay

56 58 60 62 64 66 68 70 72 74

Delay [ms]

76




Fig.11: Delay distribution in sending for DUT 3

5. Conclusions

Delay measurements of 3 VoLTE terminals have been performed using the loopback method and separate measurements in sending and receiving. The results clearly show that there is (systematically) not a single delay which is present in a connection but there is a systematic call dependant delay variation in sending and receiving of up to 20 ms. In addition a small device dependant call to call variation (DUT 2) was observed. This delay variation is systematic and needs to be taken into account when measuring VoLTE terminal delays. As a consequence the measurements must be repeated several times. A decision has to be taken whether the maximum delay measured separately in sending and receiving is used for setting the delay limits or whether other limits are taken. Clearly the maximum delay in both, sending and receiving may occur in real life situations. 
The round trip delay measurements do not seem to adequately cover the situation for a variety of reasons: The measurement does not realistically show the effects of the DUT jitter buffer since the packets are received synchronously to the send stream with an almost constant low phase shift between receiving and sending audio stream, delay jumps may occur from call to call even if the round trip delay inserted additionally is kept constant, the delay measured depends on the loopback delay inserted. This delay variation is due to the measurement setup and not due to the transmission system and adds a measurement uncertainty of up to 20 ms.
For convenience the round trip delays measured with the different methods are shown in the table below.

	
	Roundtrip from S&R
	Loopback Method

	
	ms
	ms
	ms
	ms

	
	worst
	best
	worst 
	best

	DUT 1
	208
	172
	181,7
	161,1

	DUT 3
	130
	96
	112,4
	92


Table 5: Round trip delays using the different test methods
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