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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 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
	6

	CMW receive
	6

	MFE V.1 send
	0,4

	MFE VI.I receive
	1,31

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

	MFE VIII.I receive
	58,48

	Test system send
	148,94

	Test system receive
	65,79


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. 
The UE delay is stable between the different CSS bursts within each call.
The UE send delay varies between 59.8ms and 72.7ms between the different calls. This is considered to not be the effect of the DUT, but may be the effect of the test equipment. The UE receive delay varies between 31.1ms and 45.8ms. This variation is considered to be the effect of the DUT.

In CMW echo mode, the UE delay varies with the included extra loopback delay, which is considered to be the effect of the DUT. For a loopback delay of 16ms, the UE has an approximately 20ms delay in addition to the expected delay variation due to the extra loopback delay. This is considered to be the effect of the DUT.

In general, the results from the individual send and receive measurements are considered consistent with the results from the CMW echo mode measurements. 
Table 2: UE delay in jitter free conditions for DUT#1.

	 
	 
	 
	 
	 
	Burst
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	

	SENDING
	1
	219,9
	219,9
	219,9
	219,9
	219,9
	219,9
	219,9
	219,9
	

	 
	2
	209,9
	209,9
	209,9
	209,9
	209,9
	209,9
	209,9
	209,9
	

	 
	3
	221,6
	221,6
	221,6
	221,6
	221,6
	221,6
	221,6
	221,6
	

	 
	4
	210,4
	210,4
	210,4
	210,4
	210,4
	210,4
	210,4
	210,4
	

	 
	5
	214,0
	214,0
	214,0
	214,0
	214,0
	214,0
	214,0
	214,0
	

	 
	6
	208,7
	208,7
	208,7
	208,7
	208,7
	208,7
	208,7
	208,7
	

	 
	7
	212,5
	212,5
	212,5
	212,5
	212,5
	212,5
	212,5
	212,5
	

	 
	8
	216,6
	216,6
	216,6
	216,6
	216,6
	216,6
	216,6
	216,6
	

	 
	9
	216,0
	216,0
	216,0
	216,0
	216,0
	216,0
	216,0
	216,0
	

	 
	10
	214,1
	214,1
	214,1
	214,1
	214,1
	214,1
	214,1
	214,1
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Compensated
	
	
	

	
	
	
	
	
	Av.
	Min
	Max
	
	
	

	 
	Average
	214,4
	214,4
	214,4
	65,4
	65,4
	65,4
	 
	 
	

	 
	Min
	208,7
	208,7
	208,7
	59,8
	59,8
	59,8
	 
	 
	

	 
	Max
	221,6
	221,6
	221,6
	72,7
	72,7
	72,7
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	

	RECEIVING
	1
	106,1
	106,1
	106,1
	106,1
	106,1
	106,1
	106,1
	106,1
	

	 
	2
	111,6
	111,6
	111,6
	111,6
	111,6
	111,6
	111,6
	111,6
	

	 
	3
	109,2
	109,3
	109,3
	109,2
	109,2
	109,3
	109,3
	109,3
	

	 
	4
	102,0
	102,1
	102,1
	102,0
	102,0
	102,1
	102,1
	102,1
	

	 
	5
	96,9
	96,9
	96,9
	96,9
	96,9
	96,9
	96,9
	96,9
	

	 
	6
	109,0
	109,0
	109,0
	109,0
	109,0
	109,0
	109,0
	109,0
	

	 
	7
	110,0
	110,0
	110,0
	110,0
	110,0
	110,0
	110,0
	110,0
	

	 
	8
	103,9
	103,9
	103,9
	103,9
	103,9
	103,9
	103,9
	103,9
	

	 
	9
	107,6
	107,6
	107,6
	107,6
	107,6
	107,6
	107,6
	107,6
	

	 
	10
	103,3
	103,3
	103,3
	103,3
	103,3
	103,3
	103,3
	103,3
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Compensated
	
	
	

	
	
	
	
	
	Av.
	Min
	Max
	
	
	

	 
	Average
	106,0
	106,0
	106,0
	40,2
	40,2
	40,2
	
	
	

	 
	Min
	96,9
	96,9
	96,9
	31,1
	31,1
	31,1
	
	
	

	 
	Max
	111,6
	111,6
	111,6
	45,8
	45,8
	45,8
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	SND+RCV
	Average
	320,3
	320,3
	320,4
	105,6
	105,6
	105,6
	 
	 
	

	 
	Min
	305,6
	305,6
	305,6
	90,9
	90,9
	90,9
	 
	 
	

	 
	Max
	333,2
	333,2
	333,2
	118,5
	118,5
	118,5
	 
	 
	

	
	
	
	
	
	
	
	
	
	
	

	 
	
	 
	 
	 
	Excl. add. delay
	Comp
	 
	

	 
	Add. delay
	Av.
	Min
	Max
	Min
	Max
	Max
	
	

	ECHO
	0
	115,3
	111,2
	119,5
	111,2
	119,5
	107,5
	10 calls per additional loopback delay
	

	 
	2
	116,3
	114,3
	117,3
	112,3
	115,3
	103,3
	
	

	 
	4
	117,2
	113,6
	119,0
	109,6
	115,0
	103,0
	
	

	 
	6
	116,2
	114,3
	117,9
	108,3
	111,9
	99,9
	
	

	 
	8
	116,3
	114,2
	117,6
	106,2
	109,6
	97,6
	
	

	 
	10
	117,6
	116,8
	119,2
	106,8
	109.2
	97,2
	
	

	 
	12
	117,1
	115,6
	119,5
	103,6
	107,5
	95,5
	
	

	 
	13
	119,8
	115,7
	140,9
	102,7
	127,9
	115,9
	
	

	 
	14
	135,9
	133,8
	137,1
	119,8
	123,1
	111,1
	
	

	 
	16
	143,5
	133,6
	175,5
	117,6
	159,5
	147,5
	
	

	
	18
	137,2
	134,5
	139,1
	116,5
	121,1
	109,1
	
	

	
	20
	136,5
	134,8
	138,1
	114,8
	118,1
	106,1
	
	

	
	
	
	
	
	
	
	
	
	
	


4.2 DUT#3
The results of 5 individual calls each including 5 CSS bursts are presented in Table 3. 
The UE delay is stable between the different CSS bursts within each call.

The UE send delay varies between 88.7ms and 97.9ms between the different calls. This may be the effect of the test equipment. 

For the receive direction measurements, there are occasions with an increased delay of approximately 80ms (these measurements are marked with red background in Table 3). This may be the effect of an undesired operation of the jitter buffer in the DUT. 
In CMW echo mode, the UE delay varies with the included extra loopback delay, which may be considered to be the effect of the DUT. In echo mode, the variation of 80ms that may be seen in the UE receive delay measurements between different calls are not present.

With the exception of the variation of UE delay of 80ms in the receive direction measurements, the results from the individual send and receive measurements are considered consistent with the results from the CMW echo mode measurements.
Table 3: UE delay in jitter free conditions for DUT#3. 

	 
	 
	 
	 
	 
	Burst
	 

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	

	SENDING
	1
	241,2
	241,2
	241,2
	241,2
	241,2
	241,2
	241,2
	241,2
	

	 
	2
	244,2
	244,2
	244,2
	244,2
	244,2
	244,2
	244,2
	244,2
	

	 
	3
	239,0
	239,0
	239,0
	239,0
	239,0
	239,0
	239,0
	239,0
	

	 
	4
	237,6
	237,6
	237,6
	237,6
	237,6
	237,6
	237,6
	237,6
	

	 
	5
	246,8
	246,8
	246,8
	246,8
	246,8
	246,8
	246,8
	246,8
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Compensated
	
	
	

	
	
	
	
	
	Av.
	Min
	Max
	
	
	

	 
	Average
	241,8
	241,8
	241,8
	92,8
	92,8
	92,8
	
	
	

	 
	Min
	237,6
	237,6
	237,6
	88,7
	88,7
	88,7
	
	
	

	 
	Max
	246,8
	246,8
	246,8
	97,9
	97,9
	97,9
	
	
	

	 
	 
	
	
	
	
	
	
	
	
	

	 
	Call
	Av.
	Min
	Max
	1
	2
	3
	4
	5
	

	RECEIVING
	1
	237,0
	237,0
	237,0
	237,0
	237,0
	237,0
	237,0
	237,0
	

	 
	2
	246,8
	246,8
	246,9
	246,8
	246,8
	246,8
	246,8
	246,9
	

	 
	3
	196,2
	164,1
	244,2
	164,1
	164,2
	164,3
	244,2
	244,2
	

	 
	4
	164,9
	164,9
	164,9
	164,9
	164,9
	164,9
	164,9
	164,9
	

	 
	5
	164,7
	164,7
	164,7
	164,7
	164,7
	164,7
	164,7
	164,7
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Compensated
	
	
	

	
	
	
	
	
	Av.
	Min
	Max
	
	
	

	 
	Average
	201,9
	195,5
	211,5
	129,7
	136,1
	145,8
	
	
	

	 
	Min
	164,7
	164,1
	164,7
	98,3
	98,9
	98,9
	
	
	

	 
	Max
	246,8
	246,8
	246,9
	181,0
	181,0
	181,1
	99,1
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	SND+RCV
	Average
	443,7
	437,3
	453,3
	222,5
	229,0
	238,6
	 
	 
	

	 
	Min
	402,3
	401,7
	402,3
	187,0
	187,6
	187,6
	 
	 
	

	 
	Max
	493,6
	493,6
	493,7
	278,9
	278,9
	279,0
	 197,0
	 
	

	
	
	
	
	
	
	
	
	
	
	

	 
	
	 
	 
	 
	Excl. add. delay
	Comp
	 
	

	 
	Add. delay
	Av.
	Min
	Max
	Min
	Max
	Max
	
	

	ECHO
	0
	186,1
	185,5
	186,9
	185,5
	186,9
	174,9
	5 calls per additional loopback delay
	

	 
	2
	185,4
	185,1
	185,7
	183,1
	183,7
	171,7
	
	

	 
	4
	184,7
	184,1
	185,0
	180,1
	181,0
	169,0
	
	

	 
	6
	195,0
	167,3
	206,6
	161,3
	200,6
	188,6
	
	

	 
	8
	199,8
	190,0
	207,3
	182,0
	199,3
	187,3
	
	

	 
	10
	205,0
	204,7
	205,3
	194,7
	195,3
	183,3
	
	

	 
	12
	205,5
	204,6
	205,9
	192,6
	193,9
	181,9
	
	

	 
	14
	205,7
	205,4
	206,0
	191,4
	192,0
	180,0
	
	

	 
	16
	205,4
	204,9
	205,9
	188,9
	189,9
	177,9
	
	

	
	18
	206,4
	205,8
	206,9
	187,8
	188,9
	176,9
	
	

	
	20
	205,6
	204,1
	206,3
	184,1
	186,3
	174,3
	
	

	
	
	
	
	
	
	
	
	
	
	


5 Delay and speech quality in jitter conditions according to 7.10.4

The UE delay for three 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 two devices in sections 5.1 and 5.2.
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 3 it is seen that DUT#1 produces stable results for the delay measurements. Figure 4 and Table 4 show that also the MOS-LQO scores reported by POLQA are stable.
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Figure 1: UE delay in receiving direction for DUT#1 with no packet delay variation inserted for three calls.
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Figure 2: UE delay in receiving direction for DUT#1 with packet delay variation profile 1 inserted for three calls.
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Figure 3: UE delay in receiving direction for DUT#1 with packet delay variation profile 2 inserted for three calls.
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Figure 4: Individual MOS-LQO scores for DUT#1 for three calls for each test condition according to 7.10.4.
Table 4: Averaged MOS-LQO scores for DUT#1 for tests according to 7.10.4.
	Test condition
	MOS-LQO

	No profile, 1
	4,1

	No profile, 2
	4,1

	No profile, 3
	4,1

	DRX20, 1
	4,0

	DRX20, 2
	4,0

	DRX20, 3
	4,1

	DRX40, 1
	3,9

	DRX40, 2
	4,0

	DRX40, 3
	3,9


5.2 DUT#3
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 variation, see the 80ms difference in delay between the first 35 sentences in call 3 and calls 1 and 2 in Figure 5.

The MOS-LQO scores as presented in Table 5 and Figure 9 are stable.
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Figure 5: UE delay in receiving direction for DUT#3 with no packet delay variation inserted for three calls.
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Figure 6: UE delay in receiving direction with for DUT#3 packet delay variation profile 1 inserted for three calls.
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Figure 7: UE delay in receiving direction for DUT#3 with packet delay variation profile 2 inserted for three calls.
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Figure 8: Individual MOS-LQO scores for DUT#3 for three calls for each test condition according to 7.10.4.
Table 5: Averaged MOS scores for DUT#3 for tests according to 7.10.4.
	Test condition
	MOS-LQO

	No profile, 1
	3,8

	No profile, 2
	3,9

	No profile, 3
	3.9

	DRX20, 1
	3,8

	DRX20, 2
	3,8

	DRX20, 3
	3,8

	DRX40, 1
	3,7

	DRX40, 2
	3,7

	DRX40, 3
	3,7


6 Discussion and conclusion

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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