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1 Introduction
As part of 3GPP Release 12, reliable and repeatable VoLTE delay measurement methodologies should be available. Much progress has been made on this aspect in previous meetings. However, Intel sees that there are still some open points that need to be resolved before finalizing changes to TS 26.132.

This contribution discusses a few of these open points.
2 Test set-up
Intel has been performing informal, ad hoc tests based on recent contributions on the subject and our test setup used is similar to the one reported in [1], [2] and [3]. 

· A PC with HEAD acoustics ACQUA measurement system (SW 3.1.300) connected to MFEVI.1 frontend is used

· The frontend is connected to a prototype UE headset jack via a load circuit. 
· The UE is in a call with a Rohde & Schwarz CMW500 LTE network simulator (CMW base is 3.2.40, LTE FW is 3.2.70, DAU 3.2.30) which includes an integrated IMS server.
· Data transfer between CMW and PC is done via a media gateway MFE VIII.1 (FW 1.4.162) and network impairment simulator MFE IX (FW 1.01).  
· UE consists of a prototype board with all voice enhancements disabled. The delay of the UE in error free is relatively well known and controlled.   

· The clock between the MFE VIII.1 and the CMW500 has been manually synchronized by adapting the MFE VIII.1 clock. Measurement showed that the drift should be less than 1ppm, as required in [4].

3 Loopback measurements
For these measurements, the CMW was put in echo mode. The MFE VIII and MFE IX were not in the data path, and clock synchronization is not necessary. It should be noted that the echo path could also be originated/terminated within the MFE IX, which, in contrast to the measurement described here, may have been the case for previous contributions from other 3GPP members.
Five calls were made and the delay was measured 5 times in each call using a CSS test waveform according to ITU-T Rec. P.501. This was then repeated using the 8 speech sentence sequence, with one delay per sentence as described in [4]. In both cases the cross correlation method was used to measure the delay.

Table 1 shows the minimum and maximum delay measured in each call for both test sequence. The delays are in ms with the test equipment delay compensated, using the number presented in [1], Table1.

	 
	Call 1
	Call 2
	Call 3
	Call 4
	Call 5

	CSS
	Max
	66.4
	66.3
	66.4
	66.4
	66.4

	
	Min
	66.4
	66.3
	66.4
	66.4
	66.4

	Speech
	Max
	65.8
	65.8
	65.8
	65.8
	65.8

	
	Min
	65.8
	65.8
	65.8
	65.8
	65.8


Table1: UE Delay in loopback mode measurement.
The delays measured are pretty stable within a call and from call to call. This suggests that this method could be a good candidate for measuring UE delay in error free situation.
However, results reported in table 1 are below our expected value from the UE by about 6ms. The possible reason could be that the delay compensation values as reported in [1] were based on the loopback being done in MFE IX, rather than the CMW. Until more accurate loopback delay numbers can be provided for the CMW, this method will carry some uncertainty.    
4 Uplink measurements
For these measurements the MFE IX and MFE VII were used. The MFE IX was in pass through mode with Netem disabled. The clock of the MFE VIII.1 and CMW were synchronized. The MFE VIII.1 jitter buffer was set to 100ms.

25 calls were made and the delay measured 5 times in each call using the CSS test waveform. 

For 20 calls (80%) the delay results in each call was very stable (less than 0.5 ms variation). For 5 calls (20%), the delay between the 5 iterations varies in steps of 10 ms or more. At this point of time the reason for such variation is unclear. The same behavior was observed when the MFE VIII.1 jitter buffer was changed to 200 or 600 ms.
In figure 1, the delay histogram among the 25 calls is displayed (1st test CSS burst was used). The system delay has been compensated using the numbers presented in [1, table 2].
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Figure 1: Histogram of UE uplink delay.
As can be seen the main delay distribution is between 52 and 68 ms. This variation of 16 ms is aligned with results presented in previous contributions ([1], [2], [3]). The value of 52 ms is close to the expected sending delay.
However in 2 cases the delays measured were much lower, and below the expected UE’s achievable sending delay. In one such case the delay measured during the call was stable. Here again the reason for such behavior is unknown and should be root-caused before deploying as a methodology associated with a requirement.
5 Jitter in error free condition

We did some measurements in downlink with jitter and error-free conditions and observed similar variations as reported in other contributions ([1], [2], [3], [6]). By examining the packet arrival time we observed a maximum of 2 ms jitter in packet arrival. Thus the requirement in error free [6] should reflect that the jitter buffer can be triggered even in a lab setting.
6 Error profile delay

The error profiles proposed in [5] include a network delay of 30 ms. However in [4] there is no mention that this network delay should be subtracted from the measurement prior to obtaining the reported UE receiving delay. Someone following the TS 26.132 test method could report an incorrect delay value based on this. 
The source proposes to add a note on the need to subtract the error profile delay, if network delay is simulated.   
7 Conclusion

As reported in previous contributions, VoLTE delay measurements exhibit some variations in the results. Some of these variations can be explained by the structure of packet transmission. However, the source believes that there are still some uncertainties on the delay value obtained with current test set-up.

In these circumstances the VoLTE requirements should reflect some of the variation observed in the measurements.  
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