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1 Introduction
This document presents the results of the measured UE delay for LTE access according to the proposed draft CR to TS 26.132, S4-140477, for two different UE’s.

The UE delay is measured both in error and jitter free conditions according to Clauses 7.10.1, 7.10.2, 7.10.3, and in conditions with speech and different packet delay variations inserted on the IP level in the system simulator according to Clause 7.10.4. 
2 Measurement setup

The test system included a Rohde&Schwartz CMW500 (SW version Base 3.2.51, LTE 3.2.70, DAU v3.2.31) and HEAD acoustics ACQUA system (SW version 3.2.100 (beta)), with a reference gateway MFE VIII.1 and a network impairment simulator MFE.IX.
The jitter buffer delay of the reference client MFE VIII.1 was set to 30ms with a separate set of recordings of the UE send delay for DUT#1 with the jitter buffer delay set to 100ms.

The delay according to 7.10.3, the MRP-to-DRP delay with the network simulator loopback was measured using [8.10.3 Alternative Delay Measurement in Loopback/Echo Mode] and the delay according to 7.10.1 and 7.10.2 in send and receive direction using [8.10.1 Overall Delay in Sending Direction] and [8.10.2 Overall Delay in Receiving Direction], respectively. In all tests, the Composite Source Signal as provided by the test system was used. 

The delay and speech quality according to 7.10.4 was measured using an update of [P.863 AC RCV Handset or Headset WB] from the ACQUA system provided by HEAD Acoustics. The speech stimuli used was according to the specification in S4-140228 [Draft CR to TS 26.132].

The network simulator was not configured for DRX nor down link BLER insertion, and the two delay profiles for end-to-end simulation presented in S4-140197 was used.

The measurements were performed with AMRWB 23.85 kbps and DTX was disabled in the test system reference client.
The sample frequency of the MFE VIII.1 was adjusted with the value reported by the Drift Compensation from the ACQUA system to match the sample frequency of the DUT. The adjustment was within 100 ppm.
3 Test system compensation values

The test system compensation values used to obtain the UE delay from the measurements where derived from S4-140390 [HEAD acoustics, VoLTE terminal delay measurements] and is presented in Table 1. The delay contribution for the CMW was slightly reduced compared to the values in S4-140390 in order to attribute for the delay contribution of the lower layer LTE SW stack in the UE that was not considered in the compensation values in S4-140390. Note that this correction is only approximate and based on the values reported in S4-131351 (loopback contribution of in the order of 4.7 to 10.7ms) and S4-140111 (loopback delay of 20ms at the application layer in the VoLTE client).
Table 1: System simulation compensation values.

	Element
	Delay [ms]

	CMW loopback
	12

	CMW send
	4

	CMW receive
	4

	MFE V.1 send
	0,4

	MFE VI.I receive
	1,31

	MFE VIII.1 send (30ms buffer)
	72,54

	MFE VIII.1 send (100ms buffer)
	142,54

	MFE VIII.I receive
	58,48


4 Error and jitter free transmission according to 7.10.1, 7.10.2 and 7.10.3

4.1 DUT#1
The results of 10 individual calls each including 5 CSS bursts are presented in Table 2. 

To verify the influence of the jitter buffer setting of the MFE VIII.1, the UE sending delay was also measured using a setting of 100ms in the MFE VIII.1, and the results are reported in Table 3. The measured UE delay for this setting do not corresponds to the delay obtained with 30ms jitter buffer, but the UE sending delay is calculated as being approximately 30ms shorter for the 30ms jitter buffer setting of MFE VIII.1. It can also be noted that the drift in the measured delay is larger for the 100ms setting compared to the 30ms setting, and between burst 2 and 3 for call 3 the reference client seems to abruptly alter its internal buffer by 10ms (logging in the UE revealed no UE operating that is the cause of this step in the delay). This needs further investigation.
Table 2: UE delay in jitter free conditions for DUT#1.

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	Burst
	 
	 
	 
	 
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	76,9

	Sending
	1
	54,0
	53,9
	54,3
	54,3
	54,1
	54,1
	54,0
	53,9
	76,9

	 
	2
	45,7
	45,6
	45,9
	45,9
	45,8
	45,7
	45,7
	45,6
	76,9

	 
	3
	42,8
	42,7
	43,0
	43,0
	42,9
	42,8
	42,8
	42,7
	76,9

	 
	4
	45,6
	45,5
	45,8
	45,8
	45,7
	45,7
	45,6
	45,5
	76,9

	 
	5
	48,1
	48,0
	48,2
	48,2
	48,2
	48,1
	48,0
	48,0
	76,9

	 
	6
	41,9
	41,8
	42,1
	42,1
	42,0
	42,0
	41,9
	41,8
	76,9

	 
	7
	51,6
	51,5
	51,8
	51,8
	51,7
	51,6
	51,6
	51,5
	76,9

	 
	8
	45,4
	45,3
	45,6
	45,6
	45,5
	45,5
	45,4
	45,3
	76,9

	 
	9
	52,1
	52,0
	52,2
	52,2
	52,2
	52,1
	52,0
	52,0
	76,9

	 
	10
	46,2
	46,2
	46,3
	46,3
	46,3
	46,2
	46,2
	46,2
	76,9

	 
	Average
	47,3
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	41,9
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	54,0
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	63,8

	Receiving
	1
	44,4
	44,2
	44,6
	44,2
	44,4
	44,4
	44,5
	44,6
	63,8

	 
	2
	31,8
	30,3
	33,6
	30,3
	33,5
	30,8
	30,9
	33,6
	63,8

	 
	3
	34,9
	34,8
	35,1
	34,8
	34,8
	34,9
	35,0
	35,1
	63,8

	 
	4
	43,3
	43,1
	43,4
	43,1
	43,2
	43,2
	43,3
	43,4
	63,8

	 
	5
	38,9
	37,2
	40,2
	38,7
	40,2
	37,2
	39,3
	39,1
	63,8

	 
	6
	34,3
	32,9
	35,3
	32,9
	33,0
	35,1
	35,2
	35,3
	63,8

	 
	7
	45,9
	45,7
	46,0
	45,7
	45,8
	45,9
	45,9
	46,0
	63,8

	 
	8
	32,8
	29,8
	35,0
	29,8
	33,2
	35,0
	32,8
	33,2
	63,8

	 
	9
	44,5
	44,3
	44,6
	44,3
	44,4
	44,5
	44,5
	44,6
	63,8

	 
	10
	42,4
	42,3
	42,5
	42,3
	42,3
	42,4
	42,4
	42,5
	63,8

	 
	Average
	39,3
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	31,8
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	45,9
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Send+receive
	Average
	86,7
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	73,8
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	99,9
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	13,7

	Echo
	1
	105,0
	105,0
	105,0
	105,0
	105,0
	105,0
	105,0
	105,0
	13,7

	 
	2
	102,7
	102,7
	102,7
	102,7
	102,7
	102,7
	102,7
	102,7
	13,7

	 
	3
	103,6
	103,6
	103,6
	103,6
	103,6
	103,6
	103,6
	103,6
	13,7

	 
	4
	104,6
	104,6
	104,6
	104,6
	104,6
	104,6
	104,6
	104,6
	13,7

	 
	5
	101,6
	101,6
	101,6
	101,6
	101,6
	101,6
	101,6
	101,6
	13,7

	 
	6
	103,1
	103,1
	103,1
	103,1
	103,1
	103,1
	103,1
	103,1
	13,7

	 
	7
	105,2
	105,2
	105,2
	105,2
	105,2
	105,2
	105,2
	105,2
	13,7

	 
	8
	103,6
	103,6
	103,6
	103,6
	103,6
	103,6
	103,6
	103,6
	13,7

	 
	9
	102,8
	102,8
	102,8
	102,8
	102,8
	102,8
	102,8
	102,8
	13,7

	 
	10
	104,4
	104,4
	104,4
	104,4
	104,4
	104,4
	104,4
	104,4
	13,7

	 
	Average
	103,7
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	101,6
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	105,2
	 
	 
	 
	 
	 
	 
	 
	 


Table 3: UE sending delay in jitter free conditions for DUT#1 with 100ms jitter buffer setting in MFE VIII.1.

	 
	 
	 
	 
	 
	Burst
	 
	 
	 
	 
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	146,9

	Sending
	1
	75,0
	73,3
	76,7
	76,7
	75,8
	75,0
	74,2
	73,3
	146,9

	 
	2
	77,7
	76,0
	79,5
	79,5
	78,6
	77,8
	76,9
	76,0
	146,9

	 
	3
	80,1
	75,0
	84,2
	75,8
	75,0
	84,2
	83,3
	82,5
	146,9

	 
	4
	82,0
	80,3
	83,7
	83,7
	82,9
	82,0
	81,2
	80,3
	146,9

	 
	5
	75,9
	74,3
	77,6
	77,6
	76,7
	75,8
	75,1
	74,3
	146,9

	 
	6
	76,2
	74,6
	78,0
	78,0
	77,1
	76,3
	75,4
	74,6
	146,9

	 
	7
	76,9
	75,2
	78,6
	78,6
	77,8
	77,0
	76,1
	75,2
	146,9

	 
	8
	75,7
	74,1
	77,5
	77,5
	76,6
	75,7
	74,9
	74,1
	146,9

	 
	9
	73,5
	72,0
	75,1
	75,1
	74,3
	73,6
	72,8
	72,0
	146,9

	 
	10
	71,6
	70,0
	73,3
	73,3
	72,5
	71,6
	70,8
	70,0
	146,9

	 
	Average
	76,5
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	71,6
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	82,0
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Send+receive
	Average
	115,8
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	103,4
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	127,9
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Loopback
	Average
	103,7
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	101,6
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	105,2
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


4.2 DUT#2

The results of 5 individual calls each including 5 CSS bursts are presented in Table 3. The UE gives consistently longer delay for the first call after cold start, hence the first call is excluded from the analysis. Similarly, there are occasions with an increased delay in the receive direction by 80ms. This may be the cause of an undesired behavior of the jitter buffer, and hence also these calls/bursts are excluded from the analysis. The excluded measurements from the analysis are marked with red background in Table 3.    
Table 4: UE delay in jitter free conditions for DUT#2. Measurements in cells marked with red background are excluded from the analysis.

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	Burst
	 
	 
	 
	 
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	76,9

	Sending
	1
	127,7
	127,6
	127,9
	127,6
	127,8
	127,7
	127,8
	127,9
	76,9

	 
	2
	79,2
	79,2
	79,3
	79,2
	79,2
	79,2
	79,2
	79,3
	76,9

	 
	3
	91,6
	91,5
	91,7
	91,7
	91,5
	91,6
	91,7
	91,7
	76,9

	 
	4
	91,9
	91,4
	92,1
	92,1
	91,4
	91,9
	92,1
	92,1
	76,9

	 
	5
	98,7
	98,5
	99,0
	98,5
	98,8
	98,7
	98,9
	99,0
	76,9

	 
	Average
	90,4
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	79,2
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	98,7
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	63,8

	Receiving
	1
	101,1
	100,9
	101,2
	101,2
	101,1
	101,1
	101,0
	100,9
	63,8

	 
	2
	59,6
	59,5
	59,7
	59,7
	59,7
	59,6
	59,5
	59,5
	63,8

	 
	3
	67,3
	67,3
	67,3
	67,3
	67,3
	147,2
	147,1
	147,1
	63,8

	 
	4
	67,9
	67,7
	68,0
	68,0
	67,9
	67,9
	67,8
	67,7
	63,8

	 
	5
	60,1
	59,9
	60,2
	60,2
	60,1
	60,0
	60,0
	59,9
	63,8

	 
	Average
	63,7
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	59,6
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	67,9
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Send+receive
	Average
	154,1
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	138,8
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	166,6
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	13,7

	Echo
	1
	253,7
	253,7
	253,7
	253,7
	253,7
	253,7
	253,7
	253,7
	13,7

	 
	2
	172,7
	172,7
	172,7
	172,7
	172,7
	172,7
	172,7
	172,7
	13,7

	 
	3
	173,7
	173,7
	173,7
	173,7
	173,7
	173,7
	173,7
	173,7
	13,7

	 
	4
	173,7
	173,7
	173,7
	173,7
	253,7
	253,7
	253,7
	253,7
	13,7

	 
	5
	253,7
	253,7
	253,7
	253,7
	253,7
	253,7
	253,7
	253,7
	13,7

	 
	Average
	173,4
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Min
	172,7
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Max
	173,7
	 
	 
	 
	 
	 
	 
	 
	 


5 Delay and speech quality in jitter conditions according to 7.10.4

The UE delay for two calls for the test according to 7.10.4 with the no delay profile added and the two delay profiles dly_profile_20msDRX_10pct_BLER_e2e.txt and dly_profile_40msDRX_10pct_BLER_e2e.txt, respectively, are presented for the three devices under tests in sections 5.1, 5.2, and Error! Reference source not found..
Similar to the results in section 4, the delay is compensated with the test system delay contribution according to section 3. In addition, the flat delay of the delay profile is subtracted from the measured delay, which according to S4-140197 is 30ms.

5.1 DUT#1
From Figure 1 to Figure 7 and summarized in Figure 8 it is seen that DUT#1 produces stable results for the delay measurements. Table 4 and Figure 9 show that also the MOS-LQO scores reported by POLQA are stable.
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Figure 1: UE delay in receiving direction with no packet delay variation inserted, first call.
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Figure 2: UE delay in receiving direction with no packet delay variation inserted, second call with converged jitter buffer management.
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Figure 3: UE delay in receiving direction with no packet delay variation inserted, third call including late losses caused by the test system.
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Figure 4: UE delay in receiving direction with test profile 1 packet delay variation inserted, first call.
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Figure 5: UE delay in receiving direction with test profile 1 packet delay variation inserted, second call.
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Figure 6:  UE delay in receiving direction with test profile 2 packet delay variation inserted, first call.
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Figure 7:  UE delay in receiving direction with test profile 2 packet delay variation inserted, second call.
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Figure 8: Summary of UE receive delay for DUT#1 for different test conditions.
Table 5: Averaged MOS-LQO scores for DUT#1 for tests according to 7.10.4.
	Test condition
	MOS-LQO

	No profile
	3,9

	No profile, recording with converged jitter buffer
	3,9

	No profile, recording with late loss
	3,9

	DRX20, recording 1
	3,8

	DRX20, recording 2
	3,9

	DRX40, recording 1
	3,7

	DRX40, recording 2
	3,8
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Figure 9: Individual MOS-LQO scores for DUT#1 for tests according to 7.10.4.
5.2 DUT#2
The same variation as seen in the jitter free conditions tested with CSS bursts reported in section 4.2 is found in the delay measurement with speech signals and no packet delay variations, see the 80ms difference in delay between Figure 10 and Figure 11 for the two separate calls.

The UE receive delay with test profile 1 shows a variation during the call, and increases from around 100ms to close to 200ms, see Figure 12 and Figure 13. For test profile 2, the UE delay is stable, but in the order of 200ms, see Figure 14 and Figure 15. A summary of the UE receive delay measurements over time for all the test conditions is displayed in Figure 16 
The MOS-LQO scores as presented in Table 5 and Figure 17 are stable, except for the second call with the test profile emulating DRX40 operation that shows lower MOS-LQO scores.
[image: image10.emf]0 5 10 15 20 25 30 35 40

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

250

Segment

Delay [ms]

File DUT2-NoProfile-1.wav


Figure 10: UE delay in receiving direction with no packet delay variation inserted, first call.
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Figure 11: UE delay in receiving direction with no packet delay variation inserted, second call.
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Figure 12: UE delay in receiving direction with test profile 1 packet delay variation inserted, first call.
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Figure 13: UE delay in receiving direction with test profile 1 packet delay variation inserted, second call.
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Figure 14: UE delay in receiving direction with test profile 2 packet delay variation inserted, first call.
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Figure 15: UE delay in receiving direction with test profile 1 packet delay variation inserted, first call.
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Figure 16: Summary of UE receive delay for DUT#2 for the different test conditions.
Table 6: Averaged MOS scores for DUT#2 for tests according to 7.10.4.
	Test condition
	MOS-LQO

	No profile, 1
	3,7

	No profile, 2
	3,7

	DRX20, 1
	3,6

	DRX20, 2
	3,6

	DRX40, 1
	3,6

	DRX40, 2
	3,1
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Figure 17: Individual MOS scores for DUT#1 for tests according to 7.10.4.Discussion and conclusion
6 Discussion and conclusion

· The test results for echo and jitter free conditions show stable results for the system simulator operating in loopback mode. The 3.6ms difference between the minimum and maximum delay of the 10 calls reported in Table 2 for DUT#1 is considered to be within the variability that is expected of the implementation of the VoLTE client in that particular device.

· A comparison of the sum of the send and receive delay to the loopback delay of DUT#1 in Table 2 shows a difference that is considered to be slightly larger than expected. In system simulator loopback operation, an averaged UE delay of 103.7ms (101.6ms to 105.2ms) is obtained, whereas the averaged UE send delay equals 47.3ms (41.9ms to 54.0ms) and the UE receive delay equals 39.3ms (31.8ms to 45.9ms), with a sum of the send and receive UE delay of 86.7ms (73.8ms to 99.9ms). 

As reported in S4-140390, a variability of up to 20ms may be expected in the individual send and receive measurements due to the synchronization of the speech frames in the sender and the receiver. Similarly, for the loopback method a variability of up to 20ms may be expected dependent on the delay in the loopback.

Assuming that the loopback delay caused the UE delay to be close to its maximum value in the variability of 20ms and that the average of 10 calls for send and receive measurements would lead to a value that would be in the mean of the variability, a maximum difference of about 10ms would be expected, but the difference measured delay in loopback is 17ms longer than the sum of the averaged send and receive delay. This may indicate the compensation values in Table 1 may need to be revisited.’

·  As reported in S4-140390, a variability of up to 20ms may be expected in the individual send and receive measurements due to the synchronization of the speech frames in the sender and the receiver. This means that there will be an uncertainty of 20ms in the measurement of the UE send delay due to the synchronization of the reference client in the test system to the device under test. In an end-to-end VoLTE call this synchronization difference of the frames will only take place at the receiver, and we propose to consider if the variability of the 20ms in the UE send measurement should be deduced from the UE send delay. Hence, it may be considered if the minimum value of the UE send delay measurements should be reported as the UE send delay and the average value of the UE receive delay measurements should be reported as the UE receive delay. 
· It is considered that the general test methodology as described in the draft CR to 26.132, S4-140477 (sections 7.10.1, 7.10.2, and 7.10.3 for CSS signal and error and jitter free conditions, and the methodology in 7.10.4 for speech signals and packet delay profiles applied at the IP level in the test system) all produces consistent and relevant information about the UE performance and may serve as the basic test methodology for determining the UE delay in different operating conditions with LTE access. 

Although the test profiles in test condition 1 and 2 of Table X in the draft CR to 26.131 are basic test conditions emulating the packet delay variation that can be expected in stationary operating conditions with DRX20 and DRX40, respectively, the delay profiles seems to trigger the jitter buffer management, as indicated by the different performance of the different devices under test.
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