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1 Introduction
It is envisioned that there will be a delay requirement for LTE access in error free and jitter free conditions [1]. In order to decide on this requirement, a reliable and simple test method should be available. Currently, the loopback method is considered the best candidate [2]. This document compares results obtained with 3 different analyses methods based on the loopback method:

CSS-XCORR: Using Composite Source Signal with cross-correlation analysis as in TS 26.132, paragraph 7.10.3
Speech-POLQA: Using speech signal and POLQA time results analysis [2]
Speech-XCORR: Using speech signal and cross-correlation analysis    
2 Test Setup
The test setup is shown in figure 1. A PC with ACQUA measurement system is connected to MFEVI.1 frontend, the frontend is connected to the UE headset jack via a load circuit. The UE is on a call with CMW500 LTE simulator with an IMS server. 
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Figure 1: Test Setup 
The network simulator is set in loopback mode, and uses AMR WB codec at 23.05 kbps. The simulator is configured to have no error and jitter impairment. Also the simulator used doesn’t support DRX cycle and packet transmission is possible every subframe. As it is unknown, simulator delay compensation is not applied.

The UE is an engineering sample unit with the adaptive voice enhancements turned-off to reduce variation in delay measurement. The Jitter Buffer Management use basic frame based approach to better assess any delay variation effect.
The delay between the sent and received signal is computed using the ACQUA system, with either the maximum of the cross-correlation function or the POLQA delay option.
For Speech-POLQA and Speech-XCORR the ETSI TS 103 106 speech signal sequence is used. A delay is computed for each sentence, leading to 20 delay values.

In the case of CSS signal, the test has been carried out 20 times, in the same call, to obtain 20 delay values.

3 Results
The delay values obtained for the three analyses methods are shown in table 1. 
Table 1 – Results with the 3 analyses, delay express in ms
	Sequence
	CSS_ XCORR
	Speech-POLQA
	Speech-XCORR
	Sequence
	CSS-XCORR
	Speech-POLQA
	Speech-CSS

	1
	131
	127
	131
	11
	111
	131
	131

	2
	131
	133
	131
	12
	131
	133
	131

	3
	131
	132
	131
	13
	131
	129
	131

	4
	131
	124
	111
	14
	131
	132
	131

	5
	111
	133
	131
	15
	131
	143
	111

	6
	131
	133
	131
	16
	131
	133
	131

	7
	131
	131
	131
	17
	131
	133
	131

	8
	131
	130
	131
	18
	111
	133
	131

	9
	131
	133
	131
	19
	131
	133
	131

	10
	131
	128
	111
	20
	131
	126
	111


In Figure 2, the delay histograms of the 3 analyses are plotted.
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Figure 2: Histogram delay

Comments:

· For more than 80% of the cases the cross-correlation method gives a similar delay for both the CSS and speech signal. This means that fewer sequences can be used to yield a statistically significant delay value.
· Delay distribution from POLQA’s time analysis is more widespread than the cross-correlation analysis. This wide spread is partially due to the intra-measurement averaging of local delay values during the speech. The average delay value on the total sentence is 131ms while the maximum of the histogram is at 133ms. This implies that POLQA will need longer test sequences to give a statistically significant delay value.
· In some samples the JBM depth changes, leading to delay variation. In Figure 3 the cross-correlation function is plotted for 2 different speech sentences. On the left, the cross-correlation function clearly shows the bimodal distribution of the JBM. On the right, no JBM variation occurs and the maximum of the cross correlation function is high. The maximum value of the cross-correlation function could be used to validate the reliability of the measurement.
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Figure 3: Cross-correlation function (bottom) for 2 speech sentences (top).

4 Conclusion

This contribution presents some LTE delay measurement in loopback mode, using cross-correlation function and POLQA time analysis. 
These results indicate that the cross-correlation function is effective in measuring delay values. The use of a CSS signal will provide shorter testing times. The cross-correlation function also works well with speech signals, in case for example, one wants to carry out several analyses with the same single recording. A criteria on the maximum of the cross-correlation function could be used (i.e. >75%) to establish the reliability of the results. 

POLQA time analysis could also be used, but the test time will be longer and analysis criteria will need more attention.
The source suggests to keep the current cross-correlation method describe in 26.131 chapter 7.10 [1] for LTE delay measurement in error and jitter free conditions.
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