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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:
· Specification of clock accuracy and behavior of UEs in presence of clock drift in MTSI-based speech services

2 Preliminary note on terminology
Based on [2], we define:

· Clock offset: difference in time between clock ‘ticks’, i.e. difference between reported time and true time - – in [2], one of the clock is defined as a nominal clock. 
· Clock skew: difference between the frequency of two clocks, or equivalently change of the clock offset over time – in [2], one of the clock is defined as a nominal clock; to be consistent, we extend this definition to relative clock skew where one of the clocks is defined by the reference client.
· Clock drift: change of clock skew over time.
One can note that in TS 26.132 ‘clock drift’ actually refers to the above definition of clock skew and some clarification might be inserted in this specification to clarify the terminology used for acoustic tests.
In the following we will use the terminology ‘clock skew’.

3 Test setup
The test setup is illustrated in Figure 1; it is the same equipment setup as  documented in [3] with the exception of the AMR-WB mode (12.65 kbit/s instead of 23.85 kbit/s). A PC with the ACQUA measurement system is connected to an MFE VIII.1 front-end, which is connected to MFE VI.1 using an AES/EBU connection. MFE VI.1 is connected to a Brüel&Kjaer HATS. The DUT is tested in handset mode. The IMS voice call is established with the CMW500 LTE simulator; each call is mobile originated.
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Figure 1: Configuration used for testing.

The MFE VIII.1 unit is used with the packet impairment option (MFE VIII-IMP). The MFEVIII.1 and CMW 500 exchange packets via an Ethernet connection using the CMW500 forwarding mode.

The tests have been conducted with mode 2 of AMR-WB operation, i.e. at 12.65 kbit/s. 

Note that the reference client (MFE VIII.1) has a clock frequency of 48000 Hz and this frequency was reset prior to measuring clock skew.
Several DUTs have been tested (denoted DUT A to D) in handset mode.
4 Clock accuracy
Table 1 lists the measured (relative) clock skew obtained as a by-product from clock synchronization measurements (using the CSS signal) – recall that clock skew is estimated by repeating regularly the same delay measurement in the same call and by calculating the slope after removing delay jumps.
It can be observed that the absolute value of clock skew goes up to 3 ppm; this low value may be explained by the fact that the underlying audio clock in UEs may be derived from LTE radio interface clock which has to be accurate.
It is important to note that these measurements are limited to few devices in handset mode. 

Table 1. Measured clock skew for different DUTs.

	DUT (LTE)
	Measured clock skew (ppm) in the sending direction
Min…Max in ppm

	A
	-2.7 … -0.3

	B
	0.2 … 1.3

	C
	0.4 … 0.7

	D
	0.4 … 0.6


Based on the results in Table 1, we could target defining a requirement (at least for the handset mode) where the absolute clock accuracy of devices would be less than a specific value (e.g. 10 ppm). As this is in practice a relative clock skew with respect to the reference client, a requirement on the clock accuracy of the reference client would have to be also defined; one may also explicitly provide a requirement on the accuracy (in terms of ppm) of the existing test method for clock drift measurement (for CSS and speech test sequences).
5 Behaviour in presence of clock skew (artificial audio clock desynchronization)
To test the UE behaviour in presence of clock skew one can proceed as follows:
· define test cases (i.e. the value of clock skews to be used to desynchronize the clocks of the UE and reference)
· clarify how clock skew should be 'inserted', e.g. by changing the clock frequency of the reference client or inserting clock skew at the IP level
· verify that the test cases would correspond to values that could be experienced in real life
· define requirement(s), e.g. in terms of allowed degradations measured in terms of POLQA score if the test signal is a long speech sequence similar to the 160s test sequence used for existing delay/quality tests
For clock skews reported in Table 1 one may argue that it is not very practical and interesting to test the UE behavior in cases where clock skew is quite limited – for instance with a (relative) clock skew of 10 ppm between two UEs, one may expect one 20 ms frame mismatch every 2000 seconds if clock skew is handled by frame-based jitter buffer adjustments.
There is potentially one use case that may require considering higher values of clock skew. TS 26.132 describes the case of softphone interface, where the audio clock may be derived from a laptop or a mobile device soundcard and the telephony service is provided using a software in a non-integrated approach. In this case, the audio clock may not be well synchronized with the radio interface clock. Inputs on clock accuracy for this use case would be necessary to check the expected worst-case clock skew. 

Note that the reference client used here (see section 3) allows testing clock skew up to +/-100ppm. 
We invite here some discussions on this test case to further progress this WI objective and potential values of clock skew to be considered as worst case.
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