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1  Introduction
The latest (agreed) draft CR to 26.132, which can be found in S4-140477, is far from being finalized, with lots of open questions on how to effectively define delay (number of repeats, statistics on short-term delays) and with reported issues that are not yet solved (delay jumps or variations). In addition, many parts of the text are still in brackets, i.e. not agreed.

This contribution aims at proposing some text updates to progress the current draft CR to TS 26.132 on UE delay measurement in LTE. Some pragmatic solutions are proposed for some of the items, based on existing knowledge coming from earlier tests and measurements as well as from existing standards outside 3GPP.

2 Clock drift
The asynchronous clock operation of sending and receiving IP terminals is a well-known phenomenon. Assuming a fixed jitter buffer, when the receiving clock is slower than the sending one, the end-to-end delay slowly increases, until the jitter buffer gets full and needs to discard one packet, and thus comes back to a given delay and so on, leading to a saw teeth shape (as can be seen in the picture below).
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Fig. 1: Measurement of clock drift by repeated delay measurements.
If the receiving clock is faster, then the end-to-end delay will decrease until the jitter buffer gets empty, and we will have the opposite shape.
The two dimensions of the “saw teeth” correspond to:

· Horizontally: the time between two delay correction events

· Vertically: the magnitude (in ms) of the delay correction event. In general, this is the size of an IP packet.

These two indicators can be measured to characterize clock drift. The time between two delay correction events depends on the difference between the clock rates of both clocks. The closer they will be, the longer this time will be. Our past experience with IP MGW for fixed VoIP service showed that this time can be of several hours.

Note that the above discussion is based on the assumption of a fixed JBM on the receiving side. In the mobile context this assumption may not be valid, still the same principle can be implemented by reversing the measurement direction. Indeed, a fixed JBM can be implemented in a controlled way in the reference client (in the system simulator), which avoids dealing with various implementations of potentially adaptive JBMs in UEs. 

The proposed method for clock drift measurement is therefore the following:

· Perform end-to-end delay measurements (e.g. based on the CSS signal) by applying the method described in section 7.10 of TS 26.132

· Repeat this measurement with a periodicity of [10] seconds, at least until the first delay correction event occurs

· Report the measurement points

The clock drift can be derived from the slope in one correction event and an appropriate correction can be implemented in the system simulator once the clock drift is properly estimated. Note that it may be possible to avoid waiting for a full correction event, if sufficient delay values are measured to get a meaningful slope estimation.
Note that this proposed test method to measure clock drift applies only to sending, and it assumes that the clock drift is the same for sending and receiving (to be confirmed).
This method is applicable in error free conditions. In presence of jitter/loss profiles, results could be different and more difficult to analyze and further study may be required, in particular to verify that impairment insertion does not impact clock drift.
3 Selection of reference sentences for P.863
The proposed method to measure intrinsic voice quality (MOS-LQO) is P.863, in its SWB mode. It is well known that this method is highly sensitive to the test signal used as speech reference. This is why ITU-T SG12 developed a method to validate appropriate speech recordings with P.863, comprising 16 tests.

	Test ID
	Description

	1
	ITU-T P.56 active speech level = –26 dBov (±2)

	2
	Noise floor ( –80 dBov

	3
	Total length, including silences ( 12 s

	4
	Minimum duration of active speech ( 3

	5
	Maximum duration of active speech ( 6

	6
	Number of speech segments ( 2

	7
	Silence at start ( 0.25 s

	8
	Silence at end ( 0.25 s

	9
	Longest silence between speech events ( 1.0 s

	10
	Bandpass upper frequency cut-off ( 14 000 Hz

	11
	Superwideband score

	12
	Superwideband score with 10 ms offset

	13
	Superwideband score with 15 ms offset

	14
	Narrowband score

	15
	Narrowband score with 10 ms offset

	16
	Narrowband score with 15 ms offset


This check, applied to ITU-T P.501 speech database, gives the following output (see ITU-T P.863.1):

	Language
	File
	Valid
	Failing tests

	American English
	female 1
	No
	1, 2, 4, 7, 9-13 

	
	female 2
	No
	1, 2, 4, 7, 9-13

	
	male 1
	No
	1, 2, 4, 7, 9-13

	
	male 2
	No
	1, 2, 4, 8-13

	Chinese
	female 1
	No
	11

	
	female 2
	No
	1, 11-13

	
	male 1
	No
	11, 13

	
	male 2
	No
	1

	Dutch FB
	female 1
	No
	12

	
	female 2
	No
	12

	
	male 1
	Yes
	

	
	male 2
	Yes
	

	English
	female 1
	Yes
	

	
	female 2
	No
	1, 13

	
	male 1
	No
	11-13

	
	male 2
	Yes
	

	Finnish
	female 1
	No
	1, 2, 5, 14-16

	
	female 2
	No
	1, 2, 5, 11-16

	
	male 1
	No
	1, 2, 5, 9, 11, 14-16

	
	male 2
	No
	1, 2, 12, 14-16

	French
	female 1
	No
	1, 11-13

	
	female 2
	No
	2, 11-13

	
	male 1
	No
	1, 3, 5, 11-14, 16

	
	male 2
	No
	2, 11-14

	German FB
	female 1
	No
	2, 9

	
	female 2
	No
	2, 9

	
	male 1
	No
	2, 4, 7, 9

	
	male 2
	No
	2, 11, 13

	German
	female 1
	No
	1, 2, 4, 6, 7, 9-14

	
	female 2
	No
	1, 2, 4, 7, 9-13

	
	male 1
	No
	1, 2, 4, 7, 9-13

	
	male 2
	No
	1, 2, 4, 7, 9-13

	Italian
	female 1
	No
	1, 3, 5, 11, 13-16

	
	female 2
	No
	1, 3, 5, 14-16

	
	male 1
	No
	1, 3, 5, 11, 12, 14-16

	
	male 2
	No
	1, 3, 5, 14-16

	Japanese
	female 1
	No
	11

	
	female 2
	Yes
	

	
	male 1
	Yes
	

	
	male 2
	No
	1, 2

	Polish
	female 1
	No
	1, 2, 4, 11-13

	
	female 2
	No
	2, 4

	
	male 1
	No
	1, 2, 4

	
	male 2
	No
	2, 4

	Spanish (US)
	female 1
	No
	1, 2, 4, 6, 7, 9, 10-13

	
	female 2
	No
	1, 2, 4, 6, 10-13

	
	male 1
	No
	1, 2, 4, 6, 9-11

	
	male 2
	No
	1, 2, 4, 6, 9-11


The 4 sentences currently considered by 3GPP SA4 are the British English sentences from P.501. They are shown in red in the table above. As can be seen, they are not appropriate for the current version of P.863.

Based on this information, we believe that this is inappropriate and premature to adopt these sentences in TS 26.132.

Furthermore, ITU-T is currently working at a revision of P.863, with a target of adoption in next September. The results of the application check are likely to change and therefore any selection of reference sentence today would no longer apply with next version of P.863.

Therefore, our recommendation is not to adopt any reference test signal for the time being but to wait for the revised version P.863 to select the final set of appropriate sentences. In the interim period, any sentence passing the list of 16 requirements for P.863 can be used to experiment, noting that these sentences are for temporary use until the availability of revised P.863. We propose to insert a note in the draft CR to reflect this recommendation and to clarify the temporary nature of the sentences to be used in the interim period (until the final revision of P.863 and P.863.1). In any case we also propose to replace the proposed set of sentences to ensure they pass the requirements for P.863, to be consistent with ITU-T P.863.1.
4 Signal level of reference sentences for P.863
ITU-T P.863 considered the presentation level of the speech signals in its prediction. Within the specification, and in the evaluation phase, a level range of +5 dB to –20 dB relative to the nominal level was specified and tested.

Figure 2 illustrates the dependency on the presentation level for five different superwideband samples. The average for all five samples is given as a solid bold line. 

The nominal level is marked by a vertical dashed line at –26 dBov that corresponds to 73 dB SPL at each ear in a diotic presentation. The white area is the specified range; the grey shaded area is the level range outside of the specification for ITU-T P.863.
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Fig. 2: Dependency of the MOS-LQOSWB on the presentation level.
It is recommended that the signal levels in superwideband mode of ITU-T P.863 neither exceed 
–20 dBov nor fall below –46 dBov. ITU-T P.863 must not be used to predict signals of an active speech level (ASL) below –56 dBov. This range of operation for P.863 is well known, and it is usually required to calibrate the test setup prior to using P.863 so as to estimate the optimal level to apply to fall within in optimal range (white area).
Experimental UE delay measurements made in Orange showed that the receiving level can saturate if the speech signal are set to -16 dBm0, which corresponds to a level out of the recommended range for POLQA operation.
Besides, it can be noted that P.863 includes a mode named ‘Level Alignment’ (LA) that is mandatory in NB and optional in SWB, which allows to mitigate the level impact in receiving, by adjusting it to the sending level.

From the above discussion, and given the typical crest factor of speech signals (higher than for artificial test signals), we propose to consider using a level for the speech test signals lower than -16 dBm0, for use with P.863.
5 Statistics on delay measurement results
The current draft CR to TS 26.132 foresees a concatenation of test sequences, resulting in a test file 160s long. We understand that the main reason for this is to ensure a good synchronization between speech and degradation profiles. However, P.863 assumes an 8s reference signal. This is why the current CR to TS 26.132 requires that the signal at receiving side has to be cut in segments of 8s before applying P.863.

This implicitly means that the processes of speech recording and MOS measurement would be separated by default. This constraint is difficult to justify, especially given that most voice quality test and measurement tools give the possibility to do both at the same time. We recommend rewriting the text to avoid forbidding the use of such tools. This is why we would prefer replacing the current sentence stating:

“The sequences are concatenated in such a way that all sentences are centered within a 4.0s time window, which results in an overall duration of 32.0s. The sequences are repeated 5 times, resulting in a test file 160.0s long”
by

“The sequences are played and recorded in sequence resulting in an overall duration of test of at least 32 seconds. The test is repeated 5 times, resulting in a test duration of 160s.

NOTE: The sequences may be concatenated.”
The exact synchronization with jitter/loss profiles should be equivalent between various test set up to avoid getting different MOS scores or delay estimates. For the total of (currently) 19-20 MOS measurements, this bias should be statistically negligible.
6 Statistics on delay measurement results
The question of the number of repeats for delay measurement is still open. There is no description on the way to compute the measured delay, even if the draft CR to 26.131 in S4-140476 refers to maximum delay.

Knowing the instability of radio conditions in mobile access and of performance of IP transport, and their impact on end-to-end delay, it seems reasonable to base the measurement of delay on a large amount of individual results and a large integration time. 

A minimum number of e.g. 10 repeat in different calls may be needed to get an appropriate delay assessment method. In order to make such a test as automatic as possible, a remote control of devices, for dialing, off hook and on hook, is also recommended. Tools exist (at least in the Android world) to do so.
7 Conclusion 
We propose to update the draft CR to 26.132 based on this contribution. To facilitate editing, some text updates suggested in this contribution can be made available during the meeting to update the draft CR. 
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