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1 Introduction

The work item on the Extension of UE Delay test methods and requirements (EXT_UED) was approved at SA#72 [1]. The present contribution addresses the following WI objective:
· Enhancements to the existing UE delay test cases, for instance in the area of test signals, delay estimation methods, etc.

2 Test setup
The test setup is the same as described in S4-160989 [2], except that the test units listed below were upgraded to a newer version:
ACQUA:  3.4.100

MFEVIII.1 FW: 1.11.1948 

CMW500:


Base: 3.5.105
LTE sig: 3.5.30.23
Note that DTX was disabled in the reference client for these measurements.
One DUT (DUT A) has been tested in handset mode.
3 Test results
Delay tests were conducted according to TS 26.131 and TS 26.132, with the exception that profile 3 defined for SWB was also used for wideband testing and DTX was disabled in the reference client for tests in receiving direction.
3.1 Delay in error-free conditions
The same delay measurement based on a CSS test sequence was repeated 30 times, with separate calls using DUT A.
The histogram of measured delays is shown in Figure 1  and 2 for sending and receiving delay.
One can verify that the histogram covers an interval of at most 20 ms.
Note that in TS 26.132, it is required to repeat five times the sending and receiving delay measurement and to take the maximum value as the measured delay value. A comparison of the maximum value after 5 and 30 repeats is given in Table 1. It appears that repeating the delay test only five times may not be sufficient to cover the expected delay variability.
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Figure 2. Sending delay histogram (30 repeats).
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Figure 2. Receiving delay histogram (30 repeats).
Table 1. Maximum delay after 5 or 30 repeats.

	
	Max. after 5 repeats
	Max. after 30 repeats

	Sending delay (ms)
	89,13
	89,13

	Receiving delay (ms)
	75,96
	87,76


3.2 Delay/quality in jitter/loss conditions (conditions 0 to 3)
The same delay measurement based on a 160s speech test sequence was repeated 10 times, with separate calls using DUT A.
 The test results obtained for DUT A are shown in Figure 3.

The 10 repeats of each condition (1 to 3) show the same delay variability as in error-frame with an interval of at most 20 ms; similarly, the quality score variability (around 0.1 MOS) is in the expected range for P.863. 

In TS 26.132, the test in jitter/loss condition is performed only once for each profile; the test results presented here show that it would be better to repeat the measurement several times.  
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Figure 3. Delay/quality results (10 repeats).

Note that the receiving delay for condition 1 is about 20 ms lower than in the error-free case (see Figure 2). At this stage we cannot explain this result; actually one could expect that the receiving delay for condition 1 should be at least the same or higher than in the error-free case.
4 Possible enhancements
4.1 On multiple repeats
The existing test method in error-free case takes into account variability by requiring 5 reepats, while only one measurement is conducted per jitter/loss condition.  A more consistent handling of variability may be desirable.
Note that in 3G delay requirements were originally set to 200 ms with an extra margin of 20 ms due to the same 20 ms delay variability. Given that the device dependent part was kept identical in LTE, one may consider that the margin is already taken into account with one repeat.
4.2 On delay estimation
In the error-free (condition 0) and jitter/loss case (conditions 1 to 3) the delay estimation was implemented offline with an autocorrelation for the 160s speech sequence test sequence. An example is shown in Figure 4 for condition 0, as in this case a constant delay can be expected - note that this example is only for illustrations purposes but the same pattern can be observed with other conditions.
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Figure 4. Delay estimates over time in condition 0 (160s test sequence).

One can observe that that the estimated delay for each 4s sentence is actually not exactly constant over all sentences - the variation covers an interval of about 2ms. One can interpret this as coming possibly from an effect of speech contents (male vs. female) combined with non-linear phase processing elements and potentially an influence of the receiving frequency response. An enhanced delay estimation method may ensure a cleaner estimation, even though the existing accuracy may still be acceptable given the instrinsic delay variability of 20 ms.
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