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1. Introduction
This contribution presents delay data in sending, receiving, and loopback using methods reported in [1].  No IP impairments are considered.  Results are reported for four commercially-available VoLTE devices.  
2. Methods
The test setups used in sending, receiving, and loopback are those described in [1], using the Rohde & Schwarz CMW-500 configured for FDD VoLTE and the HEAD acoustics ACQUA system with MFE-VI.1 and MFE-VIII.1 reference client.

The versions of software and firmware used in this report are:


CMW-500:




ACQUA:


Base:  V3.2.51



V3.2.100.4932



Audio:  V3.2.20


MFE-VI.1





DAU:  V3.2.31




V2.1



LTE Signalling:  V3.2.70

 MFE-VIII.1









V1.4.162 (includes codec plugin)
Compensations for the measured delay in Sending, Receiving, and Loopback, as described in [1] are shown in Table 1.  Note that in Sending, a fixed jitter buffer length of 140ms was used.
	Sending

	Delay MFE VIII.1 (20ms ptime,140 ms fixed Jitter buffer)
	182.54 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 

	Sending sum:
	192.25 ms

	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

	Receiving sum:
	68.36 ms

	Loopback

	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 ms

	Loopback sum:
	19.19 ms


Table 1 Test equipment delay compensation values (from [1])
Drift Correction

Drift correction was performed using a procedure similar to that described in [2].  The test signal consisted of a one sentence from P.501, centered in a 4-second interval, repeated 150 times for a total duration of 600 seconds (10 minutes).  Delay was computed by cross-correlation within successive 4-second intervals, resulting in 150 delay measurements. Table 2 reports the drift correction values for the four devices
	
	DUT A
	DUT B
	DUT C
	DUT D

	Drift correction [ppm]
	-19.0
	-11.4
	-10.7
	-8.7


Table 2 Drift correction values in ppm.

Call conditions

All data were taken using AMR-WB 12.65kbps.

Test signals and order
For each device, data were taken in five separate calls for Sending and Receiving, and also five separate calls for Loopback.  

In Sending and Receiving, the test signals and order in each call were:

· 5 CSS bursts, Sending

· 5 CSS bursts, Receiving

· 20 sentences from TS 103 106, Sending
The CSS bursts were 1.0 seconds in duration, with 1.75 seconds between bursts.  FFT length was 131072 samples at 48000 Hz sample rate
For speech, cross-correlation was performed using the same FFT length over a window of 2.75 seconds centered on the each sentence.

The delay data in Loopback were obtained in each of five separate calls using the CSS burst sequence.
3. Results
Results are presented for each burst or sentence, averaged for each call, and then averaged across calls for each device.  Tables 3, 4, and 5 report results for Sending, Receiving, and Loopback, respectively, for CSS bursts.

	SENDING
	DUT A
	DUT B
	DUT C
	DUT D

	Call
	Burst
	Delay [ms]
	Delay [ms]
	Delay [ms]
	Delay [ms]

	1
	1
	79.6
	103.4
	104.8
	80.35

	
	2
	79.6
	93.4
	105.0
	80.35

	
	3
	79.6
	93.4
	105.1
	80.35

	
	4
	79.4
	93.4
	104.9
	80.35

	
	5
	79.7
	93.3
	105.1
	80.35

	
	AVG
	79.5
	95.3
	104.9
	80.4

	
	MIN
	79.4
	93.3
	104.8
	80.4

	
	MAX
	79.7
	103.4
	105.1
	80.4

	2
	1
	88.2
	113.4
	113.9
	74.75

	
	2
	88.4
	113.4
	113.9
	75.05

	
	3
	88.3
	113.4
	113.8
	75.05

	
	4
	88.3
	113.3
	113.8
	75.15

	
	5
	88.3
	113.3
	113.8
	75.05

	
	AVG
	88.3
	113.3
	113.8
	75.0

	
	MIN
	88.2
	113.3
	113.8
	74.8

	
	MAX
	88.4
	113.4
	113.9
	75.2

	3
	1
	75.8
	114.9
	104.8
	83.65

	
	2
	75.7
	114.9
	104.7
	83.65

	
	3
	76.0
	114.9
	104.7
	83.65

	
	4
	75.7
	114.9
	104.6
	83.65

	
	5
	75.9
	114.9
	104.7
	83.65

	
	AVG
	75.8
	114.9
	104.7
	83.7

	
	MIN
	75.7
	114.9
	104.6
	83.7

	
	MAX
	76.0
	114.9
	104.8
	83.7

	4
	1
	85.7
	106.3
	107.3
	78.55

	
	2
	85.5
	106.3
	107.4
	78.55

	
	3
	85.7
	106.3
	107.3
	78.55

	
	4
	85.7
	106.3
	107.4
	78.65

	
	5
	85.5
	106.3
	107.4
	78.55

	
	AVG
	85.6
	106.3
	107.3
	78.6

	
	MIN
	85.5
	106.3
	107.3
	78.6

	
	MAX
	85.7
	106.3
	107.4
	78.7

	5
	1
	78.3
	109.7
	106.6
	79.05

	
	2
	78.0
	109.7
	106.7
	78.95

	
	3
	78.3
	109.7
	106.7
	79.05

	
	4
	78.1
	109.7
	106.7
	79.05

	
	5
	78.1
	109.7
	106.6
	79.05

	
	AVG
	78.1
	109.7
	106.6
	79.0

	
	MIN
	78.0
	109.7
	106.6
	79.0

	
	MAX
	78.3
	109.7
	106.7
	79.1

	SND AVG
	81.4
	107.9
	107.5
	79.3

	SND MIN
	75.7
	93.3
	104.6
	74.8

	SND MAX
	88.4
	114.9
	113.9
	83.7

	SND RANGE
	12.7
	21.6
	9.3
	8.9


Table 3  Delay results for Sending, CSS
	RECEIVING
	DUT A
	DUT B
	DUT C
	DUT D

	Call
	Burst
	Delay [ms]
	Delay [ms]
	Delay [ms]
	Delay [ms]

	1
	1
	58.4
	71.7
	127.3
	81.04

	
	2
	58.3
	71.6
	127.3
	81.04

	
	3
	58.3
	71.8
	127.3
	81.04

	
	4
	58.4
	71.7
	127.3
	81.04

	
	5
	58.5
	71.7
	127.1
	81.04

	
	AVG
	58.4
	71.7
	127.3
	81.0

	
	MIN
	58.3
	71.6
	127.1
	81.0

	
	MAX
	58.5
	71.8
	127.3
	81.0

	2
	1
	69.7
	65.0
	138.6
	92.94

	
	2
	69.8
	65.1
	138.6
	92.94

	
	3
	69.8
	65.0
	138.6
	92.94

	
	4
	69.7
	65.1
	138.6
	92.94

	
	5
	69.7
	65.0
	138.5
	92.94

	
	AVG
	69.8
	65.1
	138.6
	92.9

	
	MIN
	69.7
	65.0
	138.5
	92.9

	
	MAX
	69.8
	65.1
	138.6
	92.9

	3
	1
	122.1
	65.9
	147.8
	77.74

	
	2
	122.1
	65.9
	148.1
	77.74

	
	3
	122.1
	65.9
	147.9
	77.74

	
	4
	122.1
	65.9
	147.8
	77.74

	
	5
	122.2
	65.9
	147.8
	77.74

	
	AVG
	122.2
	65.9
	147.9
	77.7

	
	MIN
	122.1
	65.9
	147.8
	77.7

	
	MAX
	122.2
	65.9
	148.1
	77.7

	4
	1
	72.4
	80.2
	145.1
	72.74

	
	2
	72.5
	80.2
	145.1
	72.74

	
	3
	72.5
	80.1
	145.1
	72.74

	
	4
	72.4
	80.2
	145.1
	72.74

	
	5
	72.4
	80.2
	145.0
	72.74

	
	AVG
	72.5
	80.2
	145.1
	72.7

	
	MIN
	72.4
	80.1
	145.0
	72.7

	
	MAX
	72.5
	80.2
	145.1
	72.7

	5
	1
	58.9
	55.4
	145.7
	72.34

	
	2
	58.9
	55.3
	145.5
	72.34

	
	3
	58.9
	55.4
	145.5
	72.24

	
	4
	58.9
	55.4
	145.7
	72.24

	
	5
	58.9
	55.4
	145.6
	72.34

	
	AVG
	58.9
	55.4
	145.6
	72.3

	
	MIN
	58.9
	55.3
	145.5
	72.2

	
	MAX
	58.9
	55.4
	145.7
	72.3

	RCV AVG
	76.4
	67.7
	140.9
	79.4

	RCV MIN
	58.3
	55.3
	127.1
	72.2

	RCV MAX
	122.2
	80.2
	148.1
	92.9

	RCV RANGE
	63.9
	24.9
	21.0
	20.7


Table 4 Delay results for Receiving, CSS
	LOOPBACK
	DUT A
	DUT B
	DUT C
	DUT D

	Call
	Burst
	Delay [ms]
	Delay [ms]
	Delay [ms]
	Delay [ms]

	1
	1
	166.0
	177.8
	192.6
	160.51

	
	2
	167.7
	182.9
	192.6
	170.21

	
	3
	167.0
	180.4
	192.6
	156.81

	
	4
	167.0
	176.1
	192.6
	167.01

	
	5
	165.8
	194.4
	192.6
	165.31

	
	AVG
	166.7
	182.3
	192.6
	164.0

	
	MIN
	165.8
	176.1
	192.6
	156.8

	
	MAX
	167.7
	194.4
	192.6
	170.2

	2
	1
	166.0
	178.4
	192.6
	181.41

	
	2
	165.8
	185.4
	192.6
	188.41

	
	3
	165.8
	180.4
	192.6
	178.71

	
	4
	165.8
	184.2
	192.6
	178.21

	
	5
	167.0
	185.1
	192.6
	187.41

	
	AVG
	166.1
	182.7
	192.6
	182.8

	
	MIN
	165.8
	178.4
	192.6
	178.2

	
	MAX
	167.0
	185.4
	192.6
	188.4

	3
	1
	166.7
	175.5
	192.6
	180.11

	
	2
	165.8
	180.2
	192.6
	186.31

	
	3
	165.8
	180.3
	192.6
	188.71

	
	4
	166.4
	183.9
	192.6
	160.21

	
	5
	167.0
	192.3
	192.6
	169.01

	
	AVG
	166.4
	182.5
	192.6
	176.9

	
	MIN
	165.8
	175.5
	192.6
	160.2

	
	MAX
	167.0
	192.3
	192.6
	188.7

	4
	1
	166.0
	183.7
	192.6
	162.91

	
	2
	165.8
	186.9
	192.6
	183.01

	
	3
	167.0
	184.9
	192.6
	184.31

	
	4
	166.4
	185.0
	192.6
	189.41

	
	5
	166.4
	179.7
	192.6
	188.51

	
	AVG
	166.3
	184.1
	192.6
	181.6

	
	MIN
	165.8
	179.7
	192.6
	162.9

	
	MAX
	167.0
	186.9
	192.6
	189.4

	5
	1
	165.4
	180.0
	192.6
	164.71

	
	2
	165.8
	184.9
	192.6
	166.31

	
	3
	167.0
	178.0
	192.6
	169.71

	
	4
	165.8
	180.4
	192.6
	164.31

	
	5
	166.5
	184.0
	192.6
	169.81

	
	AVG
	166.1
	181.5
	192.6
	167.0

	
	MIN
	165.4
	178.0
	192.6
	164.3

	
	MAX
	167.0
	184.9
	192.6
	169.8

	LBK AVG
	166.3
	182.6
	192.6
	174.5

	LBK MIN
	165.4
	175.5
	192.6
	156.8

	LBK MAX
	167.7
	194.4
	192.6
	189.4

	LBK RANGE
	2.3
	18.9
	0.0
	32.6


Table 5 Delay results for Loopback, CSS
Results for Sending delay using sentences are plotted in Figure 1, per call. Each of the four plots in Figure 1 is for one of the four UEs.  For each call within a plot, the first five data points (open symbols) represent the Sending delay measured using CSS bursts during that call, and the subsequent sixteen data points (filled symbols) are for sentences, also measured within that same call.

Note that in general, the delay measured using sentences is consistent in mean value, and also in the range of variation within a call.  As can be seen in Table 3, the variation across call is generally larger than the variation within a call.
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Figure 1 Sending delay for CSS bursts and sentences
4. Summary and conclusions

Delay measurements are reported for four commercially-available VoLTE terminals, in loopback, and separately in sending and receiving.  The results appear to be generally consistent with those reported in [1].
Somewhat different from results reported previously is the larger variation observed in Loopback, based on the Range measurements.  In [1], additional delays were added, in 5-msec increments, to the path in order to observe this variation in loopback delay.
Table 6 summarizes results for Loopback, and compares to results based on the sum of Sending and Receiving direction. 
A detailed description of the methods, including specifics for each of the devices, is available.

	LOOPBACK
	
	
	
	

	AVG
	166.3
	182.6
	192.6
	174.5

	MIN
	165.4
	175.5
	192.6
	156.8

	MAX
	167.7
	194.4
	192.6
	189.4

	RANGE
	2.3
	18.9
	0.0
	32.6

	SEND+RECEIVE
	
	
	
	

	AVG
	157.8
	175.6
	248.4
	158.7

	MIN
	134.0
	148.6
	231.7
	147.0

	MAX
	210.6
	195.1
	262.0
	176.6

	RANGE
	76.6
	46.5
	30.3
	29.6


Table 6 End-to-end delay, comparing Loopback and Send+Receive
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