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1. Introduction
This contribution presents delay data in loopback, sending, and receiving using methods reported in [1].  No IP impairments are considered.  The devices considered include those reported in [2].  Several updates to software and firmware from the configuration reported in [2] were needed in order to get stable measurements.  The as-used versions are listed below:

CMW-500:




ACQUA:


Base:  V3.2.51



V3.2.100 (beta)



Audio:  V3.2.20


MFE-VIII.1





DAU:  V3.2.31




Firmware: 1.4.162



LTE Signalling:  V3.2.70 


Codec:  1.0.111.3791
2. Loop back measurements
The test setup used for a loopback measurement is shown in Fig.1 from [1]. As noted in [1] in such a signal routing, the roundtrip delay of a DUT may be measured. No separate information about sending delay and receiving delay is obtained in this setup.
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Figure 1 Test setup for the loopback mode (from [1])
Correction of the measured loopback delay for the test equipment is applied, using Table 1 from [1]:

	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

	Delay CMW 500 (send)
	9.11

	Sum:
	19.19 ms


Table 1 Test equipment delay in loopback (from [1])
In this contribution, no additional loopback delay (e.g., “Delay 0…25ms” in Figure 1) was used, only 0ms.  Table 2 presents results for two UEs, each of the same model, with data taken in five separate IMS calls.  Under these conditions, the occasional increase of 20 msec seen in [1] was not observed.  Also in Table 2 are the results from [1] for DUT1, under the 0-ms test case.  Note that these results seem to agree fairly well.
	Call #
	DUT A delay [ms]
	DUT B delay [ms]
	DUT 1, 0-ms from [1]

	1
	166.41
	166.41
	166.3

	2
	165.61
	165.11
	166.7

	3
	166.51
	166.31
	166.6

	4
	165.51
	165.91
	166.2

	5
	166.31
	165.51
	166.3

	AVG
	166.07
	165.85
	166.42


Table 2 Measured loopback delay
3. Delay measurements in receiving

The test setup for delay measurements in receiving is shown in Fig. 2. 
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Figure 2 Test setup for measuring the delay in receiving (from [1])
Following [1], the contributions to the delay due to test equipment listed in Table 3 were subtracted from the measured receiving delay values.
	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

	Sum:
	68.36 ms


Table 3 Test equipment delay receiving direction (from [1])
Clock synchronization between the MFE-VIII.1 and MFE-VI.1 was used, along with drift compensation.  For each DUT, five measurements of drift compensation were used and the mean value for each DUT applied.

Note that a 2nd model UE, also with pre-production VoLTE firmware, was measured for drift correction.  However, the measured values of >2000ppm were so large that drift correction was not possible using the test equipment.  So, no further results are reported for that model of UE.

Figures 3 and 4 show histograms of the result of 30 repeated measurements of receive delay, each in a separate IMS call for the two DUTs.  The test signal was the P.501 CSS burst.  All measurements have been corrected by the test equipment delay of Table 3. 
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Figure 3 Distribution of Receiving delay, DUT A
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Figure 4 Distribution of Receiving delay, DUT B
The average delay for DUT A is 95.12 ms and the range is [107.44 - 83.54] = 23.90 ms.  For DUT B, the average delay is 90.01 ms, and the range is [98.34 – 79.14]= 19.20 ms.  As noted in [1], due to non-fixed phase relationships, there is typically about a 20 ms delay variation.
Figure 6 from [1] showing receiving delay for DUT 1 is reproduced here, as it appears to correspond to DUT A and B.
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Figure 5 Distribution of receiving delay, (from [1])

4. Delay measurements in sending
Following [1], the setup for delay in Sending is shown in Figure 6.
[image: image6.png]HMS 1.3
HHP Il

<—-p =Speech

<--- =Control

MFEVI1

".,'Acoustic

MFEVIIL1

st URF
(LTE/4G)

Rohde & Schwarz CMW 500




Figure 6 Test setup for measuring the delay in sending (from [1])
The delay contributions from test equipment are listed in Table 4:
	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 

	Sum:
	152.25 ms


Table 4 Test equipment delay sending (from [1])
The measured delays in sending are shown in Figures 7 and 8, along with results for DUT 1 from [1], reproduced in Figure 9.
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Figure 7 Distribution of Sending delay, DUT A
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Figure 8 Distribution of Sending delay, DUT B
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Figure 9 Distribution of Sending delay, DUT 1 (from [1])
The average delay for DUT A is 88.7 ms and the range is [110.35 – 80.15] = 30.2 ms.  For DUT B, the average delay is 88.2 ms and the range is [102.55 – 80.05 ] = 22.5 ms.  The average delay for these two devices seems to be close to the mode of the delay for DUT 1 from [1].
5. Summary and conclusions

Delay measurements are reported for 2 VoLTE terminals, both of the same model, in loopback, and separately in sending and receiving.  The results appear to be similar to those reported in [1] for DUT 1, in both mode and range. The sum of the minimum delays in the Sending and Receiving direction for each DUT, 163.7 ms and 159.2ms , for A and B, respectively, are comparable to, but somewhat smaller than, the average delays in loopback, 166.1 ms and 165.9 ms, for A and B, respectively.
As noted in [1], for delay measured separately in sending and receiving, the results clearly show a range of values.  The discussion in [1] indicates three possibilities for the observed variation in delay, which will not be repeated here.  Also as reported in [1], Table 5 provides the roundtrip delays based on loopback and sum of Sending and Receiving.  (*Note that the worst-case loopback delay for DUT1 was obtained with additional delays of 5 and 25ms implemented in the MFE-VIII.1, results for which are not reported for DUT A or B.)
	
	Roundtrip from S+R
	Loopback Method

	
	ms
	ms
	ms
	ms

	
	worst
	best
	worst 
	best

	DUT 1 (from [1])
	191
	161
	182*
	161

	DUT A
	217.8
	163.7
	166.5
	165.5

	DUT B
	200.9
	159.2
	166.7
	166.2


Table 5: Round trip delays using the different test methods

While the discussion topic for ART_LTE-UED is focused on round-trip delay, it must be noted that the variation of delay in separate sending and receiving measurements may impact other test cases.  The possible impact must be evaluated and addressed.
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