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1 Introduction
This document presents the results of the measured UE delay for LTE access in error and jitter free conditions according to Clauses 7.10.1, 7.10.2, 7.10.3, and 7.10.4 of the proposed draft CR to TS 26.132 for LTE UE delay measurements.
For comparison, the delay according to 7.10.1, 7.10.2, and 7.10.3 is also presented for the same device with UMTS access.

2 Measurement setup

The test system included a Rohde&Schwartz CMW500 (SW version Base v3.2.21, LTE 3.2.50, DAU v3.2.21) and HEAD acoustics ACQUA system (SW version 3.1.300), with a reference gateway MFE VIII.1 and a network impairment simulator MFE.IX.

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 manually adjusted to match the sample frequency of the DUT. The adjustment was within 100 ppm.
3 Results
3.1 Error and jitter free transmission according to 7.10.1, 7.10.2 and 7.10.3

The results of 5 individual calls each including 5 CSS bursts are presented in Table 1 for LTE access and in Table 2 for UMTS access. The test system compensation values for LTE access was derived from S4-140079 for the MFE VIII.1, and the system simulator contribution was estimated at being in the order of 4ms 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 below 20ms at the application layer in the VoLTE client).
For UMTS access the compensation values are derived from S4-130241 with a 20ms added to the nominal value of the system simulator downlink delay as indicated as being under discussion in the document. Furthermore, the compensation values where translated to the UE delay reference points being specified in S4-140227 [Draft CR to TS 26.131] by subtracting 10ms from the ULD for the full air interface being attributed to the UE and adding 10ms to the DLD as the combined effect of measuring to the first acoustic event at DRP (+20ms) and including the full air interface effect (-10ms).
Table 1: UE delay measurements in error and jitter free operation for LTE access.

	
	
	
	
	
	
	
	
	
	
	Test system compensation

	
	
	
	
	
	Burst
	MFE
	CMW

	
	Call
	Average
	Min
	Max
	1
	2
	3
	4
	5
	S4-140079
	Estimated

	UE Send
	1
	61,3
	61,2
	61,5
	61,5
	61,4
	61,3
	61,3
	61,2
	73,1
	4,0

	
	2
	41,5
	39,4
	49,4
	39,6
	39,6
	39,5
	39,4
	49,4
	73,1
	4,0

	
	3
	53,8
	53,7
	54,0
	54,0
	53,9
	53,9
	53,8
	53,7
	73,1
	4,0

	
	4
	52,8
	52,7
	52,9
	52,9
	52,9
	52,8
	52,8
	52,7
	73,1
	4,0

	
	5
	52,9
	52,8
	53,0
	53,0
	53,0
	52,9
	52,9
	52,8
	73,1
	4,0

	
	Average
	52,4
	
	
	
	
	
	
	
	
	

	
	Min
	41,5
	
	
	
	
	
	
	
	
	

	
	Max
	61,3
	
	
	
	
	

	
	
	
	
	
	Burst
	
	

	
	Call
	Average
	Min
	Max
	1
	2
	3
	4
	5
	
	

	UE Receive
	1
	48,5
	48,3
	48,6
	48,3
	48,4
	48,5
	48,5
	48,6
	60,0
	4,0

	
	2
	23,0
	22,9
	23,1
	22,9
	22,9
	23,0
	23,0
	23,1
	60,0
	4,0

	
	3
	17,3
	16,3
	17,6
	16,3
	17,4
	17,5
	17,4
	17,6
	60,0
	4,0

	
	4
	28,2
	28,0
	28,3
	28,0
	28,1
	28,1
	28,2
	28,3
	60,0
	4,0

	
	5
	31,3
	30,3
	34,2
	30,3
	30,3
	30,4
	31,0
	34,2
	60,0
	4,0

	
	Average
	24,9
	Note: Call number 1 excluded from the UE receive average, min and max due to un-expected jitter buffer behavior possibly caused by transmission error

	
	Min
	17,3
	

	
	Max
	31,3
	

	
	
	
	
	
	
	
	
	
	
	
	

	Send+receive
	Average
	77,4
	
	
	
	
	
	
	
	
	

	
	Min
	58,7
	
	
	
	
	
	
	
	
	

	
	Max
	92,6
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Burst
	
	

	
	Call
	Average
	Min
	Max
	1
	2
	3
	4
	5
	
	

	Echo
	1
	99,6
	99,6
	99,6
	99,6
	99,6
	99,6
	99,6
	99,6
	
	8,0

	
	2
	98,1
	98,1
	98,1
	98,1
	98,1
	98,1
	98,1
	98,1
	
	8,0

	
	3
	94,4
	94,4
	94,5
	94,4
	94,5
	94,5
	94,4
	94,4
	
	8,0

	
	4
	91,0
	91,0
	91,0
	91,0
	91,0
	91,0
	91,0
	91,0
	
	8,0

	
	5
	93,8
	93,8
	93,8
	93,8
	93,8
	93,8
	93,8
	93,8
	
	8,0

	
	Average
	95,4
	
	
	
	
	
	
	
	
	

	
	Min
	91,0
	
	
	
	
	
	
	
	
	

	
	Max
	99,6
	
	
	
	
	
	
	
	
	


Table 2: UE delay measurements for UMTS access,

	
	
	
	
	
	
	
	
	
	
	Test system compensation value

	
	
	
	
	
	Burst
	

	
	Call
	Average
	Min
	Max
	1
	2
	3
	4
	5
	

	UE Send
	1
	72,7
	70,4
	73,4
	70,4
	73,3
	73,3
	73,3
	73,4
	75,0

	
	2
	71,2
	70,3
	72,4
	71,1
	70,3
	72,4
	71,6
	70,8
	75,0

	
	3
	71,3
	70,1
	72,2
	71,8
	71,0
	70,1
	72,2
	71,4
	75,0

	
	4
	71,1
	69,8
	72,3
	69,8
	71,9
	71,1
	70,2
	72,3
	75,0

	
	5
	71,3
	69,8
	72,4
	72,4
	71,5
	70,7
	69,8
	72,0
	75,0

	
	Average
	71,5
	
	

	
	Min
	71,1
	
	
	
	
	
	
	
	

	
	Max
	72,7
	
	
	
	
	
	
	
	

	
	
	
	
	
	Burst
	

	
	Call
	Average
	Min
	Max
	1
	2
	3
	4
	5
	

	UE Receive
	1
	50,9
	50,5
	51,1
	50,5
	51,0
	51,0
	51,1
	51,1
	155,0

	
	2
	43,6
	41,9
	45,3
	41,9
	42,7
	43,6
	44,4
	45,3
	155,0

	
	3
	47,8
	46,1
	49,5
	46,1
	46,9
	47,8
	48,6
	49,5
	155,0

	
	4
	45,0
	43,3
	46,7
	43,3
	44,2
	45,0
	45,9
	46,7
	155,0

	
	5
	43,6
	41,9
	45,4
	41,9
	42,8
	43,6
	44,5
	45,4
	155,0

	
	Average
	46,2
	
	
	
	
	
	
	
	

	
	Min
	43,6
	
	
	
	
	
	
	
	

	
	Max
	50,9
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Send+receive
	Average
	117,7
	
	
	
	
	
	
	
	

	
	Min
	114,6
	
	
	
	
	
	
	
	

	
	Max
	123,7
	
	
	
	
	
	
	
	

	
	
	
	
	
	Burst
	

	
	Call
	Average
	Min
	Max
	1
	2
	3
	4
	5
	

	Echo
	1
	113,9
	113,9
	113,9
	113,9
	113,9
	113,9
	113,9
	113,9
	580,0

	
	2
	116,3
	116,3
	116,3
	116,3
	116,3
	116,3
	116,3
	116,3
	580,0

	
	3
	117,5
	116,3
	119,3
	119,3
	116,3
	116,3
	116,3
	119,3
	580,0

	
	4
	116,3
	116,3
	116,3
	116,3
	116,3
	116,3
	116,3
	116,3
	580,0

	
	5
	111,9
	111,9
	111,9
	111,9
	111,9
	111,9
	111,9
	111,9
	580,0

	
	Average
	115,2
	
	
	
	
	
	
	
	

	
	Min
	111,9
	
	
	
	
	
	
	
	

	
	Max
	117,5
	
	
	
	
	
	
	
	


3.2 Delay and speech quality in jitter conditions according to 7.10.4

The UE delay for one call each 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 in Figure 1, Figure 2, and Figure 3, respectively. Similar to section 3.1, the delay is compensated with the test system delay contribution of 64ms for the MFE VIII.1 and acoustic front-end and 4ms for the CMW contribution. In addition, the flat delay of the delay profile is subtracted from the measured delay, which according to S4-140197 is 30ms.

In Figure 4, Figure 5, and Figure 6 the delay reported by the ACQUA system based on the delay calculated by POLQA is presented.

The POLQA scores for each of the twenty sentence pairs are presented in Table 3.
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Figure 1: Delay for each speech sentence according to S4-140228 for no delay profile
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Figure 2: Delay for each speech sentence according to S4-140228 for delay profile dly_profile_20msDRX_10pct_BLER_e2e.txt.
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Figure 3: Delay for each speech sentence according to S4-140228 for delay profile dly_profile_40msDRX_10pct_BLER_e2e.txt.
[image: image4.emf]0 20 40 60 80 100 120 140 160

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

Time [s]

Delay [ms]

File Delay_POLQA_NOPROFILE.txt


Figure 4: Reported delay from ACQUA/POLQA dll for no delay profile.
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Figure 5: Reported delay from ACQUA/POLQA dll for delay profile dly_profile_20msDRX_10pct_BLER_e2e.txt.
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Figure 6 Reported delay from ACQUA/POLQA dll for delay profile dly_profile_40msDRX_10pct_BLER_e2e.txt.

Table 3: POLQA score [MOS-LQO] per sentence pair

	Sentence pair
	No profile
	dly_profile_20msDRX_10pct_BLER_e2e.txt
	dly_profile_40msDRX_10pct_BLER_e2e.txt

	1
	4,2
	4,0
	3,9

	2
	4,4
	4,3
	4,2

	3
	4,2
	3,8
	3,7

	4
	3,7
	3,6
	3,2

	5
	4,1
	4,0
	3,9

	6
	4,4
	4,4
	4,3

	7
	4,2
	4,1
	4,2

	8
	3,7
	3,7
	3,8

	9
	4,2
	4,0
	3,7

	10
	4,4
	4,2
	4,1

	11
	4,3
	4,1
	4,1

	12
	3,8
	3,5
	3,8

	13
	4,1
	4,0
	3,9

	14
	4,4
	4,2
	4,3

	15
	4,3
	4,1
	4,1

	16
	3,8
	3,7
	3,8

	17
	4,2
	4,0
	4,0

	18
	4,4
	4,3
	3,9

	19
	4,3
	4,2
	4,1

	20
	3,8
	3,9
	3,8

	Average
	4,1
	4,0
	3,9


4 Conclusions
The test results for echo and jitter free conditions show stable results for the system simulator operating in echo mode. For the individual send and receive measurements, a larger variability between the calls may be experienced. As indicated in S4-140111, the variability in the UE receive direction may be attributed to the implementation of the UE, but some of the variability in the send direction may be the result of the test system.

The delay measurement using the proposed correlation analysis in S4-140228 seems to yield stable results, whereas some variability may be seen using the delay values reported by POLQA.

It is considered that the tests as proposed in S4-140228 yields results that are consistent with what is being implemented in the device and gives useful information on the performance of the UE.
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