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1. Introduction
This contribution presents results for UE delay measurement in IMS based speech services with two different LTE devices using updated test equipment firmware versions. In comparison to results presented before (e.g. in S4-140613), a better agreement between the results of the sum of send and receive are achieved when comparing to loopback.
The contribution also maps the sources of delay and compares results with delay estimations for one of the devices.

2. Methodology
2.1. DUT selection

Two different DUTs were used for the tests. The DUTs have different noise suppression and IMS solution vendors in order to exercise a broader range of results.
2.2. Test Equipment version
The test setup used for sending, receiving, and loopback delay measurements is described in [1]. The following version of software/firmware for the test equipment was used.
Table 1 - Test Equipment version used

	Test Equipment
	Model
	SW/FW version

	Audio Front End
	HEAD Acoustics MFE VI
	2.3

	SIP reference client
	HEAD Acoustics MFEVIII.1
	1.4.162

	Base Station Simulator
	Rohde & Schwarz CMW500 LTE signaling software
	3.2.60

	IMS server
	Rohde & Schwarz CMW500 DAU software
	3.2.20

	Data Analyzer
	HEAD Acoustics ACQUA
	3.2.100.4932

	Base Station Simulator
	Rohde & Schwarz CMW500 base software
	3.2.40.22


2.3. Drift Correction
Drift correction was conducted for both devices prior to LTE measurements using test scripts provided by HEAD Acoustics. The drift for DUT A is within the expectation from design.
Table 2 - Drift correction values in ppm for DUT A and B

	
	DUT A
	DUT B

	Drift correction [ppm]
	6.2
	19.9


3. Results
3.1. Baseline – UMTS results
To establish a baseline, UE delay measurements in UMTS using the loopback method and AMR-WB 12.65kbps coding were conducted for both devices in headset and handset modes. The real speech word “Five” from ITU-T P.501 database was used as the test signal.
The results for device A in both headset and handset mode are equivalent. For device B, in handset mode, the UE delay is approximately 60ms higher. 

The UE delay in headset mode is quite comparable between both devices and substantially below the current UMTS “should” of 185ms and “shall” of 220ms.
Table 3 - HEADSET mode UE delay in UMTS AMR-WB 12.65kbps for device A

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Delay using "Five" from P.501
	711.2
	711.2
	711.4
	711.2
	711.2
	711.24

	- CMU200 echo delay
	580
	580
	580
	580
	580
	580

	- MFE VI D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	- MFE VI A/D
	1.31
	1.31
	1.31
	1.31
	1.31
	1.31

	UE delay
	129.49
	129.49
	129.69
	129.49
	129.49
	129.53


Table 4 - HANDSET mode UE delay in UMTS AMR-WB 12.65kbps for device A
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Delay using "Five" from P.501
	711.1
	711.1
	711.1
	711.1
	711.1
	711.1

	- CMU200 echo delay
	580
	580
	580
	580
	580
	580

	- MFE VI D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	- MFE VI A/D
	1.31
	1.31
	1.31
	1.31
	1.31
	1.31

	UE delay
	129.39
	129.39
	129.39
	129.39
	129.39
	129.39


Table 5 - HEADSET mode UE delay in UMTS AMR-WB 12.65kbps for device B
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Delay using "Five" from P.501
	709.4
	709.4
	709.4
	709.6
	709.4
	709.44

	CMU200 echo delay
	580
	580
	580
	580
	580
	580

	MFE VI D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	MFE VI A/D
	1.31
	1.31
	1.31
	1.31
	1.31
	1.31

	WB UE delay UMTS
	127.69
	127.69
	127.69
	127.89
	127.69
	127.73


Table 6 - HANDSET mode UE delay in UMTS AMR-WB 12.65kbps for device B

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Delay using "Five" from P.501
	768.2
	768.4
	768.2
	768.3
	768.2
	768.26

	CMU200 echo delay
	580
	580
	580
	580
	580
	580

	MFE VI D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	MFE VI A/D
	1.31
	1.31
	1.31
	1.31
	1.31
	1.31

	WB UE delay UMTS
	186.49
	186.69
	186.49
	186.59
	186.49
	186.55


3.2. Loopback mode LTE results

For LTE, the delay with AMR-WB 12.65kbps was measured using the loopback method with a 4s real speech sentence from ITU-T P.501. The sentence used was “The birch canoe slid on the smooth planks.” 5 different calls were made and, for each call, 5 measurements were performed. Measurements were repeated in headset and handset modes.
3.2.1. Loopback mode LTE results for device A

The results for device A in both headset and handset mode are equivalent. This is consistent with the expectation, given that the same delay between headset and handset modes was observed also in UMTS. Furthermore, the UE delay is similar in both LTE and UMTS modes which is a reasonable result considering that the total UMTS air interface delay of 40ms (with the assumption of all air interface delay been assigned to the UE) is replaced by a minimum jitter buffer depth of 40ms (configured for DRX40ms operation).
Table 7 - HEADSET mode UE delay in LTE AMR-WB 12.65kbps for device A

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Repeat 1
	136.3
	136.3
	136.3
	136.3
	136.3
	136.3

	Repeat 2
	136.3
	136.3
	136.3
	136.3
	136.3
	136.3

	Repeat 3
	136.3
	136.3
	136.3
	136.3
	136.3
	136.3

	Repeat 4
	136.3
	136.3
	136.3
	136.3
	136.3
	136.3

	Repeat 5
	136.3
	136.3
	136.3
	136.3
	136.3
	136.3

	Averaged total delay
	136.3
	136.3
	136.3
	136.3
	136.3
	136.3

	- CMW500 loopback delay
	8.6
	8.6
	8.6
	8.6
	8.6
	8.6

	- MFE VI A/D
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3

	- MFE VI D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	= WB UE delay LTE
	126.0
	126.0
	126.0
	126.0
	126.0
	126.0


Table 8 - HANDSET mode UE delay in LTE AMR-WB 12.65kbps for device A

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Repeat 1
	136.9
	136.9
	136.9
	135.9
	135.9
	136.5

	Repeat 2
	136.9
	136.9
	136.9
	135.9
	135.9
	136.5

	Repeat 3
	136.9
	136.9
	136.9
	135.9
	135.9
	136.5

	Repeat 4
	136.9
	136.9
	136.9
	135.9
	135.9
	136.5

	Repeat 5
	136.9
	136.9
	136.9
	135.9
	135.9
	136.5

	Averaged total delay
	136.9
	136.9
	136.9
	135.9
	135.9
	136.5

	- CMW500 loopback delay
	8.6
	8.6
	8.6
	8.6
	8.6
	8.6

	- MFE VI A/D
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3

	- MFE VI D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	= WB UE delay LTE
	126.6
	126.6
	126.6
	125.6
	125.6
	126.2


3.2.2. Loopback mode LTE results for device B

The results for device B in both headset and handset mode are also somewhat consistent with the UMTS result but, in some cases, around 10ms lower. It is possible that device B uses a minimum jitter buffer depth configuration that is less than 40ms. It is noted that, in handset mode, the delay is not consistent from call to call for device B indicating some extra variability that is not observed either in device A or in device B itself for the case of headset mode.
Table 9 - HEADSET mode UE delay in LTE AMR-WB 12.65kbps for device B
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Repeat 1
	126.8
	126.9
	125.8
	127.3
	126.9
	126.7

	Repeat 2
	126.8
	126.9
	125.8
	127.3
	127
	126.8

	Repeat 3
	126.8
	126.9
	125.8
	127.3
	126.9
	126.7

	Repeat 4
	126.8
	126.9
	125.8
	127.3
	127
	126.8

	Repeat 5
	126.8
	126.9
	125.8
	127.3
	127
	126.8

	Averaged total delay
	126.8
	126.9
	125.8
	127.3
	127.0
	126.8

	- CMW500 loopback delay
	8.6
	8.6
	8.6
	8.6
	8.6
	8.6

	- MFEVI A/D
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3

	- MFEVI D/A
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	= WB UE delay LTE
	116.6
	116.7
	115.6
	117.1
	116.8
	116.5


Table 10 - HANDSET mode UE delay in LTE AMR-WB 12.65kbps for device B
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Repeat 1
	201.5
	186.1
	187.6
	197.8
	207.3
	196.1

	Repeat 2
	200.4
	186.1
	187.6
	197.9
	205.9
	195.6

	Repeat 3
	200.5
	186.1
	187.6
	197.9
	206.1
	195.6

	Repeat 4
	200.0
	186.1
	187.6
	196.4
	206.2
	195.3

	Repeat 5
	199.9
	186.1
	187.6
	196.7
	206.1
	195.3

	Averaged Total delay
	200.5
	186.1
	187.6
	197.3
	206.3
	195.6

	- CMW500 loopback delay
	8.6
	8.6
	8.6
	8.6
	8.6
	8.6

	- MFE VI A/D
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3

	- MFE VI D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	= WB UE delay LTE
	190.2
	175.8
	177.3
	187.0
	196.0
	185.3


3.3. Send and Receive direction LTE measurements
For the receive direction, the measurements were conducted using a concatenation of 8 speech segments, repeated 5 times for a total of 40 measurements within a call. 5 calls were made for each device. After clock drift compensation, the delay is stable within a call and no delay jumps are observed. There is a variation of the delay as a function of the speech sample utilized, which is evidenced by the periodic repeat of the delay measurements for each 8 sample cycle (see figure 1). This variation is observed for both devices. Between calls however, a larger delay variation is observed. For device A, this variation is within 20ms but, for device B, a variation of up to 85ms was observed between the different calls.
For the sending direction, the delay is also mostly stable within a call, except for jumps of exactly (+/-0.1ms) 10ms. These jumps are not expected for jitter free operation since the reference client is set to a buffer depth of 140ms and drift is compensated. There is also larger variation in the delay from call to call (greater than 20ms for both UEs) 
For the sum of send and receive delays, the averaged results for device A are in general comparable to what is obtained with the loopback method for both headset and handset modes, especially if one looks at the minimum delay measured across the 5 different calls. For device B however, the sum of the send and receive methods actually produces lower results in some cases than the loopback method.
Figure 1 - RCV Delay over time for DUT A in headset mode (including test equipment delay)
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3.3.1. Send and Receive direction LTE measurements for device A in headset mode

Table 11 - Receive direction delay LTE measurements in headset mode for device A
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Sample 1
	155.42
	145.77
	145.71
	141.52
	144.92
	146.67

	Sample 2
	154.31
	144.50
	144.67
	140.23
	143.65
	145.47

	Sample 3
	153.90
	144.23
	144.25
	139.98
	143.37
	145.15

	Sample 4
	154.12
	144.42
	144.48
	140.17
	143.54
	145.35

	Sample 5
	153.50
	144.06
	144.08
	139.58
	143.17
	144.88

	Sample 6
	152.98
	143.29
	143.31
	139.06
	142.44
	144.22

	Sample 7
	153.94
	144.21
	144.15
	139.98
	143.27
	145.11

	Sample 8
	153.77
	144.12
	144.15
	139.83
	143.25
	145.02

	Sample 9
	155.37
	145.67
	145.75
	141.44
	144.83
	146.61

	Sample 10
	154.23
	144.44
	144.58
	140.15
	143.56
	145.39

	Sample 11
	153.79
	144.12
	144.15
	139.87
	143.27
	145.04

	Sample 12
	154.04
	144.33
	144.37
	140.08
	143.46
	145.26

	Sample 13
	153.42
	143.98
	144.00
	139.50
	143.08
	144.80

	Sample 14
	152.87
	143.21
	143.23
	138.98
	142.33
	144.12

	Sample 15
	153.81
	144.15
	144.06
	139.87
	143.19
	145.02

	Sample 16
	153.69
	144.06
	144.04
	139.75
	143.15
	144.94

	Sample 17
	155.21
	145.56
	145.67
	141.35
	144.75
	146.51

	Sample 18
	154.15
	144.33
	144.48
	140.04
	143.46
	145.29

	Sample 19
	153.71
	144.04
	144.06
	139.79
	143.19
	144.96

	Sample 20
	153.94
	144.23
	144.29
	140.00
	143.37
	145.17

	Sample 21
	153.35
	143.87
	143.90
	139.40
	143.00
	144.70

	Sample 22
	152.79
	143.12
	143.12
	138.90
	142.25
	144.04

	Sample 23
	153.73
	144.02
	143.96
	139.79
	143.08
	144.92

	Sample 24
	153.58
	143.98
	143.94
	139.65
	143.06
	144.84

	Sample 25
	155.15
	145.48
	145.56
	141.25
	144.69
	146.42

	Sample 26
	154.04
	144.25
	144.35
	139.96
	143.37
	145.20

	Sample 27
	153.62
	143.96
	143.96
	139.71
	143.10
	144.87

	Sample 28
	153.85
	144.15
	144.19
	139.90
	143.27
	145.07

	Sample 29
	153.25
	143.79
	143.79
	139.29
	142.90
	144.60

	Sample 30
	152.71
	143.02
	143.04
	138.79
	142.17
	143.95

	Sample 31
	153.65
	143.92
	143.87
	139.67
	143.00
	144.82

	Sample 32
	153.50
	143.87
	143.85
	139.56
	142.96
	144.75

	Sample 33
	155.06
	145.40
	145.46
	141.17
	144.56
	146.33

	Sample 34
	153.96
	144.17
	144.29
	139.85
	143.29
	145.11

	Sample 35
	153.54
	143.85
	143.87
	139.60
	143.00
	144.77

	Sample 36
	153.77
	144.06
	144.10
	139.81
	143.19
	144.99

	Sample 37
	153.17
	143.71
	143.71
	139.21
	142.83
	144.52

	Sample 38
	152.60
	142.94
	142.94
	138.71
	142.06
	143.85

	Sample 39
	153.56
	143.83
	143.77
	139.56
	142.90
	144.72

	Sample 40
	153.42
	143.77
	143.77
	139.46
	142.88
	144.66

	Average total delay
	153.81
	144.15
	144.17
	139.86
	143.27
	145.05

	- RCV_MFEVIII.1
	58.50
	58.50
	58.50
	58.50
	58.50
	58.50

	- MFE VI A/D
	1.31
	1.31
	1.31
	1.31
	1.31
	1.31

	- Delay CMW500*
	4.30
	4.30
	4.30
	4.30
	4.30
	4.30

	= WB UE RCV delay LTE
	89.70
	83.51
	85.24
	70.76
	80.99
	82.04


Table 12 - Send direction delay LTE measurements in headset mode for device A

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	CSS Burst 1
	265.8
	243.4
	233.4
	238.7
	234.2
	243.1

	CSS Burst 2
	265.9
	233.5
	233.4
	249.1
	234.4
	243.3

	CSS Burst 3
	266.0
	233.5
	243.8
	238.8
	244.4
	245.3

	CSS Burst 4
	266.1
	233.5
	233.5
	238.8
	244.4
	243.3

	CSS Burst 5
	266.1
	243.9
	233.5
	238.8
	234.4
	243.3

	Average total delay
	266.0
	237.6
	235.5
	240.8
	238.4
	243.7

	- SND_MFEVIII.1
	42.5
	42.5
	42.5
	42.5
	42.5
	42.5

	- Jitter_buffer
	140.0
	140.0
	140.0
	140.0
	140.0
	140.0

	- AES-EBU
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	- MFEVI.1 D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	- Delay CMW500*
	4.3
	4.3
	4.3
	4.3
	4.3
	4.3

	= WB UE SND delay LTE
	78.6
	50.2
	48.1
	53.4
	51.0
	56.3


Table 13 - Sum of send and receive delay LTE measurements in headset mode for device A

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	WB UE RCV delay LTE
	89.70
	83.51
	85.24
	70.76
	80.99
	82.04

	WB UE SND delay LTE
	78.58
	50.16
	48.12
	53.44
	50.96
	56.25

	WB UE delay LTE
	168.3
	133.7
	133.4
	124.2
	132.0
	138.3


3.3.2. Send and Receive direction LTE measurements for device A in handset mode
Table 14 - Receive direction delay LTE measurements in handset mode for device A
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Sample 1
	145.50
	148.21
	149.71
	135.48
	145.67
	144.91

	Sample 2
	144.90
	147.54
	149.25
	134.77
	145.02
	144.30

	Sample 3
	145.13
	147.73
	149.46
	134.94
	145.19
	144.49

	Sample 4
	144.04
	146.58
	148.33
	133.81
	144.04
	143.36

	Sample 5
	144.83
	147.35
	149.10
	134.56
	144.79
	144.13

	Sample 6
	144.44
	146.90
	148.63
	134.12
	144.35
	143.69

	Sample 7
	145.13
	147.58
	149.27
	134.79
	145.02
	144.36

	Sample 8
	145.17
	147.48
	149.21
	134.71
	144.94
	144.30

	Sample 9
	145.85
	148.17
	149.85
	135.44
	145.62
	144.99

	Sample 10
	145.23
	147.48
	149.21
	134.73
	144.98
	144.32

	Sample 11
	145.46
	147.69
	149.42
	134.90
	145.15
	144.52

	Sample 12
	144.37
	146.52
	148.27
	133.77
	144.00
	143.39

	Sample 13
	145.17
	147.31
	149.06
	134.52
	144.77
	144.17

	Sample 14
	144.77
	146.83
	148.58
	134.08
	144.31
	143.72

	Sample 15
	145.48
	147.54
	149.23
	134.75
	144.98
	144.40

	Sample 16
	145.50
	147.42
	149.17
	134.67
	144.92
	144.33

	Sample 17
	146.19
	148.12
	149.81
	135.40
	145.58
	145.02

	Sample 18
	145.58
	147.44
	149.17
	134.69
	144.94
	144.36

	Sample 19
	145.79
	147.62
	149.37
	134.85
	145.10
	144.55

	Sample 20
	144.73
	146.46
	148.23
	133.73
	143.98
	143.42

	Sample 21
	145.52
	147.25
	149.00
	134.48
	144.73
	144.20

	Sample 22
	145.13
	146.79
	148.52
	134.04
	144.27
	143.75

	Sample 23
	145.81
	147.48
	149.19
	134.71
	144.94
	144.42

	Sample 24
	145.83
	147.37
	149.12
	134.62
	144.87
	144.37

	Sample 25
	146.54
	148.06
	149.77
	135.35
	145.54
	145.05

	Sample 26
	145.92
	147.37
	149.10
	134.65
	144.90
	144.39

	Sample 27
	146.15
	147.58
	149.33
	134.81
	145.08
	144.59

	Sample 28
	145.06
	146.42
	148.19
	133.69
	143.94
	143.46

	Sample 29
	145.85
	147.21
	148.96
	134.44
	144.69
	144.23

	Sample 30
	145.46
	146.73
	148.48
	134.00
	144.23
	143.78

	Sample 31
	146.17
	147.44
	149.15
	134.67
	144.90
	144.46

	Sample 32
	146.19
	147.31
	149.06
	134.58
	144.83
	144.40

	Sample 33
	146.87
	148.00
	149.73
	135.31
	145.52
	145.09

	Sample 34
	146.27
	147.31
	149.06
	134.60
	144.85
	144.42

	Sample 35
	146.48
	147.52
	149.27
	134.77
	145.04
	144.62

	Sample 36
	145.42
	146.35
	148.15
	133.65
	143.90
	143.49

	Sample 37
	146.21
	147.15
	148.92
	134.40
	144.65
	144.26

	Sample 38
	145.81
	146.69
	148.44
	133.96
	144.19
	143.82

	Sample 39
	146.52
	147.37
	149.08
	134.62
	144.85
	144.49

	Sample 40
	146.54
	147.25
	149.02
	134.54
	144.79
	144.43

	Average Total delay
	145.57
	147.32
	149.05
	134.57
	144.80
	144.26

	RCV_MFEVIII.1
	58.50
	58.50
	58.50
	58.50
	58.50
	58.50

	MFE VI A/D
	1.31
	1.31
	1.31
	1.31
	1.31
	1.31

	Delay CMW500*
	4.30
	4.30
	4.30
	4.30
	4.30
	4.30

	WB UE RCV delay LTE
	81.46
	83.51
	85.24
	70.76
	80.99
	80.39


Table 15 - Send direction delay LTE measurements in handset mode for device A

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	CSS Burst 1
	243.5
	229.7
	258
	242.5
	232.8
	241.3

	CSS Burst 2
	233.3
	229.7
	258
	252.5
	232.8
	241.26

	CSS Burst 3
	233.1
	239.7
	258
	252.5
	232.8
	243.22

	CSS Burst 4
	233
	229.7
	258.1
	242.6
	242.8
	241.24

	CSS Burst 5
	243.1
	229.7
	258.1
	242.6
	232.9
	241.28

	Average Total delay
	237.2
	231.7
	258.04
	246.54
	234.82
	241.66

	SND_MFEVIII.1
	42.5
	42.5
	42.5
	42.5
	42.5
	42.5

	Jitter_buffer
	140
	140
	140
	140
	140
	140

	AES-EBU
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	MFEVI.1 D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	Delay CMW500*
	4
	4
	4
	4
	4
	4

	WB UE SND delay LTE
	50.1
	44.6
	70.94
	59.44
	47.72
	54.56


Table 16 - Sum of send and receive delay LTE measurements in handset mode for device A

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	WB UE RCV delay LTE
	81.5
	83.5
	85.2
	70.8
	81.0
	80.4

	WB UE SND delay LTE
	50.1
	44.6
	70.9
	59.4
	47.7
	54.6

	WB UE delay LTE
	131.6
	128.1
	156.2
	130.2
	128.7
	135.0


3.3.3. Send and Receive direction LTE measurements for device B in headset mode
Table 17 - Send direction delay LTE measurements in headset mode for device B
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Sample 1
	116.00
	120.42
	131.58
	129.27
	123.40
	124.13

	Sample 2
	116.02
	120.42
	131.54
	129.25
	123.37
	124.12

	Sample 3
	116.00
	120.44
	131.60
	129.27
	123.42
	124.15

	Sample 4
	115.94
	120.44
	131.60
	129.29
	123.42
	124.14

	Sample 5
	115.90
	120.46
	131.62
	129.31
	123.44
	124.15

	Sample 6
	115.85
	120.48
	131.62
	129.33
	123.46
	124.15

	Sample 7
	115.96
	120.62
	131.77
	129.46
	123.60
	124.28

	Sample 8
	115.77
	120.52
	131.67
	129.40
	123.48
	124.17

	Sample 9
	115.69
	120.46
	131.65
	129.35
	123.48
	124.12

	Sample 10
	115.60
	120.46
	131.60
	129.31
	123.46
	124.09

	Sample 11
	115.58
	120.50
	131.67
	129.35
	123.48
	124.12

	Sample 12
	115.52
	120.50
	131.67
	129.35
	123.48
	124.10

	Sample 13
	115.48
	120.50
	131.69
	129.37
	123.50
	124.11

	Sample 14
	115.42
	120.52
	131.71
	129.40
	123.52
	124.11

	Sample 15
	115.54
	120.67
	131.85
	129.56
	123.65
	124.25

	Sample 16
	115.35
	120.58
	131.75
	129.46
	123.56
	124.14

	Sample 17
	115.27
	120.54
	131.70
	129.44
	123.56
	124.10

	Sample 18
	115.17
	120.52
	131.69
	129.40
	123.52
	124.06

	Sample 19
	115.17
	120.54
	131.73
	129.44
	123.56
	124.09

	Sample 20
	115.10
	120.54
	131.73
	129.44
	123.56
	124.07

	Sample 21
	115.06
	120.56
	131.75
	129.46
	123.58
	124.08

	Sample 22
	115.02
	120.58
	131.77
	129.48
	123.60
	124.09

	Sample 23
	115.10
	120.75
	131.94
	129.60
	123.75
	124.23

	Sample 24
	114.96
	120.65
	131.81
	129.54
	123.62
	124.12

	Sample 25
	114.83
	120.58
	131.79
	129.50
	123.62
	124.07

	Sample 26
	114.77
	120.58
	131.75
	129.48
	123.60
	124.04

	Sample 27
	114.75
	120.60
	131.81
	129.52
	123.65
	124.07

	Sample 28
	114.69
	120.60
	131.81
	129.52
	123.65
	124.05

	Sample 29
	114.65
	120.62
	131.83
	129.54
	123.67
	124.06

	Sample 30
	114.60
	120.65
	131.83
	129.56
	123.69
	124.07

	Sample 31
	114.69
	120.79
	132.00
	129.69
	123.85
	124.20

	Sample 32
	114.54
	120.69
	131.87
	129.60
	123.71
	124.08

	Sample 33
	114.44
	120.65
	131.85
	129.58
	123.71
	124.05

	Sample 34
	114.35
	120.62
	131.83
	129.54
	123.69
	124.01

	Sample 35
	114.33
	120.67
	131.87
	129.58
	123.73
	124.04

	Sample 36
	114.27
	120.67
	131.87
	129.58
	123.71
	124.02

	Sample 37
	114.23
	120.69
	131.90
	129.62
	123.73
	124.03

	Sample 38
	114.19
	120.71
	131.92
	129.62
	123.75
	124.04

	Sample 39
	114.27
	120.85
	132.08
	129.77
	123.92
	124.18

	Sample 40
	114.10
	120.75
	131.94
	129.69
	123.79
	124.05

	Average total delay
	115.10
	120.58
	131.77
	129.47
	123.60
	124.11

	- RCV_MFEVIII.1
	58.50
	58.50
	58.50
	58.50
	58.50
	58.50

	- MFE VI A/D
	1.30
	1.30
	1.30
	1.30
	1.30
	1.30

	- Delay CMW500*
	4.30
	4.30
	4.30
	4.30
	4.30
	4.30

	= WB UE RCV delay LTE
	51.00
	56.48
	67.67
	65.37
	59.50
	60.01


Table 18 - Send direction delay LTE measurements in headset mode for device B

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	CSS Burst 1
	239.5
	236.9
	225.1
	217.4
	223.5
	228.48

	CSS Burst 2
	239.6
	236.9
	225.1
	217.4
	233.4
	230.48

	CSS Burst 3
	229.7
	226.7
	225.1
	217.3
	233.4
	226.44

	CSS Burst 4
	239.8
	236.7
	225.1
	227.2
	233.4
	232.44

	CSS Burst 5
	229.9
	226.7
	225.1
	227.2
	223.4
	226.46

	Average Total delay
	235.7
	232.78
	225.1
	221.3
	229.42
	228.86

	- SND_MFEVIII.1
	42.5
	42.5
	42.5
	42.5
	42.5
	42.5

	- Jitter_buffer
	140
	140
	140
	140
	140
	140

	- AES-EBU
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	- MFEVI.1 D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	- Delay CMW500*
	4.3
	4.3
	4.3
	4.3
	4.3
	4.3

	= WB UE SND delay LTE
	48.3
	45.4
	37.7
	33.9
	42.0
	41.5


Table 19 - Sum of send and receive delay LTE measurements in headset mode for device B

	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	WB UE RCV delay LTE
	51.0
	56.5
	67.7
	65.4
	59.5
	60.0

	WB UE SND delay LTE
	48.3
	45.4
	37.7
	33.9
	42.0
	41.5

	WB UE delay LTE
	99.3
	101.9
	105.4
	99.3
	101.5
	101.5


3.3.4. Send and Receive direction LTE measurements for device B in handset mode

Table 20 - Receive direction delay LTE measurements in handset mode for device B
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	Sample 1
	164.12
	149.31
	235.29
	158.98
	165.42
	174.62

	Sample 2
	164.62
	149.79
	236.06
	158.17
	165.83
	174.90

	Sample 3
	164.92
	150.08
	236.33
	158.44
	166.15
	175.18

	Sample 4
	163.79
	148.94
	235.27
	157.31
	164.98
	174.06

	Sample 5
	164.46
	149.62
	235.90
	158.04
	165.73
	174.75

	Sample 6
	164.06
	149.23
	235.52
	157.67
	165.33
	174.36

	Sample 7
	164.69
	149.85
	236.12
	158.27
	165.92
	174.97

	Sample 8
	164.67
	149.88
	236.12
	158.19
	165.90
	174.95

	Sample 9
	164.10
	149.33
	235.33
	159.02
	165.42
	174.64

	Sample 10
	164.60
	149.79
	236.08
	158.17
	165.83
	174.90

	Sample 11
	164.90
	150.08
	236.33
	158.46
	166.15
	175.18

	Sample 12
	163.77
	148.94
	235.29
	157.31
	164.98
	174.06

	Sample 13
	164.44
	149.65
	235.90
	158.04
	165.73
	174.75

	Sample 14
	164.04
	149.23
	235.54
	157.67
	165.33
	174.36

	Sample 15
	164.67
	149.85
	236.12
	158.27
	165.92
	174.97

	Sample 16
	164.65
	149.88
	236.12
	158.21
	165.90
	174.95

	Sample 17
	164.00
	149.33
	235.33
	159.02
	165.42
	174.62

	Sample 18
	164.58
	149.79
	236.10
	158.17
	165.85
	174.90

	Sample 19
	164.88
	150.08
	236.35
	158.46
	166.15
	175.18

	Sample 20
	163.75
	148.96
	235.29
	157.33
	165.00
	174.07

	Sample 21
	164.42
	149.65
	235.92
	158.04
	165.73
	174.75

	Sample 22
	164.02
	149.23
	235.54
	157.67
	165.35
	174.36

	Sample 23
	164.65
	149.85
	236.15
	158.27
	165.94
	174.97

	Sample 24
	164.65
	149.90
	236.15
	158.19
	165.90
	174.95

	Sample 25
	163.98
	149.33
	235.35
	159.02
	165.44
	174.62

	Sample 26
	164.56
	149.79
	236.10
	158.19
	165.83
	174.90

	Sample 27
	164.85
	150.10
	236.37
	158.46
	166.15
	175.19

	Sample 28
	163.73
	148.96
	235.31
	157.33
	165.00
	174.07

	Sample 29
	164.40
	149.65
	235.94
	158.04
	165.73
	174.75

	Sample 30
	164.00
	149.25
	235.56
	157.67
	165.35
	174.37

	Sample 31
	164.62
	149.88
	236.15
	158.27
	165.94
	174.97

	Sample 32
	164.60
	149.90
	236.17
	158.21
	165.92
	174.96

	Sample 33
	164.02
	149.35
	235.35
	159.04
	165.44
	174.64

	Sample 34
	164.54
	149.79
	236.12
	158.19
	165.85
	174.90

	Sample 35
	164.83
	150.10
	236.37
	158.48
	166.17
	175.19

	Sample 36
	163.71
	148.96
	235.33
	157.35
	165.00
	174.07

	Sample 37
	164.37
	149.65
	235.96
	158.06
	165.75
	174.76

	Sample 38
	163.98
	149.25
	235.58
	157.69
	165.35
	174.37

	Sample 39
	164.60
	149.88
	236.17
	158.29
	165.94
	174.97

	Sample 40
	164.58
	149.90
	236.17
	158.23
	165.92
	174.96

	Average total delay
	164.37
	149.60
	235.86
	158.15
	165.67
	174.73

	RCV_MFEVIII.1
	58.50
	58.50
	58.50
	58.50
	58.50
	58.50

	MFE VI A/D
	1.31
	1.31
	1.31
	1.31
	1.31
	1.31

	Delay CMW500*
	4.30
	4.30
	4.30
	4.30
	4.30
	4.30

	WB UE RCV delay LTE
	100.26
	85.49
	171.75
	94.04
	101.56
	110.62


Table 21 - Send direction delay LTE measurements in handset mode for device B
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	CSS Burst 1
	252.4
	278.0
	251.2
	260.3
	281.7
	264.7

	CSS Burst 2
	252.4
	278.0
	251.1
	250.2
	281.7
	262.7

	CSS Burst 3
	252.4
	278.0
	251.1
	250.2
	281.6
	262.7

	CSS Burst 4
	252.4
	278.0
	251.1
	250.2
	281.6
	262.7

	CSS Burst 5
	252.4
	278.0
	251.1
	260.2
	281.6
	264.7

	Average total delay
	252.4
	278.0
	251.1
	254.2
	281.6
	263.5

	- SND_MFEVIII.1
	42.5
	42.5
	42.5
	42.5
	42.5
	42.5

	- Jitter_buffer
	140
	140
	140
	140
	140
	140

	- AES-EBU interface delay
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	- MFEVI.1 D/A
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4

	- Delay CMW500*
	4.3
	4.3
	4.3
	4.3
	4.3
	4.3

	WB UE SND delay LTE
	65.0
	90.6
	63.7
	66.8
	94.2
	76.1


Table 22 - Sum of send and receive delay LTE measurements in headset mode for device B
	
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5
	Average

	WB UE RCV delay LTE
	100.3
	85.5
	171.7
	94.0
	101.6
	110.6

	WB UE SND delay LTE
	65.0
	90.6
	63.7
	66.8
	94.2
	76.1

	WB UE delay LTE
	165.3
	176.1
	235.5
	160.9
	195.8
	186.7


4. Summary and Discussion

Wideband UE delays for two different devices were measured using updated test equipment software. Measurements were conducted in both UMTS and LTE modes. The following observations are made:

· In comparison to measurements using previous test equipment software versions, results are more stable and a better match between loopback and sum of send and receive direction measurements can be found.

· Ocasional 10ms jumps in sending direction measurements during a call is observed in both devices. This requires further investigation from test equipment side.
· As reported in a previous contribution (S4-140612), the results in loopback match the expectation from system design.

· UE delay measurements for UMTS and LTE modes produced mostly equivalent results
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The similar delay observed for UTMS and LTE is a reasonable result if one considers the use of a 40ms jitter buffer in LTE which replaces the UMTS air interface transmission and reception time (20ms in each direction). Even lower delays for LTE could be achieved if the minimum jitter buffer depth is set to a lower value. This is likely the case for DUT B, which shows a UE delay < 100ms in some of the measurements. These observations, along with the delay breakdown presented in S4-140612, should assist in driving the discussions towards the LTE UE delay requirements.
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