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Overview
In [1], the source noted that the current approach in to measuring delay in VoLTE is confined to ideal lab conditions, with at most simulations approximating some network impairments, and proposed including measurements of delay and SMOS and NMOS requirements.  This contribution reports some results.

Methods

The set up for measuring VoLTE delay described in [2] and [3] was used, however no jitter/delay profiles were employed.  In addition, a system capable of simulating background noise according to [4] was used.  The same UE device for which data is reported in [5] was used.  

Five measurements were made using the P.835 predictor described in [6] in no noise and in pub noise from [4].  Data were collected in both VoLTE and UMTS calls, both using AMR-WB 12.65kbps.  Reported results include the estimated delay between ‘unprocessed’ and ‘processed’ signals, SMOS and NMOS, for each of the sixteen sentences defined in [6], and for the average across all sentences.

Results

Delay
Figure 1 shows the delay estimates (unprocessed to processed) for no noise, for each of five repeated measurements in UMTS and VoLTE, for each of the sixteen sentences and for the average.

The results for UMTS are very consistent across sentences, at about 185ms.  Results for VoLTE vary, but are consistent in value and range with results reported in [5].
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Figure 1  Delays in no noise
Figure 2 shows the delay estimates for pub noise, other conditions of test are as for Figure 1.  The delay estimates for UMTS in pub noise are nearly identical to those obtained in no noise.  The results for VoLTE are more variable across sentences, again 
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Figure 2 Delays in pub noise

In both no noise and pub, the variation of the average delay is higher for VoLTE than for UMTS.

SMOS

Figure 3 shows SMOS results for no noise, for each of five repeated measurements in UMTS and VoLTE, for each of the sixteen sentences and for the average.
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Figure 3 SMOS for no noise

The results across sentences for UMTS show a variation of no more than 0.1 MOS, while those for VoLTE can vary by up to 0.5.  The larger variation in VoLTE is also present in the average, although with five samples, a statistical analysis (e.g. F test) is inconclusive.  There are also relatively large (up to 0.3 MOS) differences in SMOS for the same sentence between UMTS and VoLTE.
Figure 4 shows results of SMOS for the pub noise condition.  The observations made for SMOS in no noise also generally hold in pub noise, with the difference that the differences in SMOS between UMTS and VoLTE for a single sentence are somewhat smaller, which may be due to the impact of NS, which is believed to be in common for both transmission modes, and the run-to-run variation is somewhat larger for both UMTS and VoLTE, although the largest variation is still seen in VoLTE, as indicated by the range of the average measurements.
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Figure 4 SMOS for pub noise
NMOS

Figure 5 shows NMOS results for no noise, for each of five repeated measurements in UMTS and VoLTE, for each of the sixteen sentences and for the average.  Again, the range of NMOS scores within a sentence, and for the average, tends to be larger in VoLTe, with variation for a single sentence up to 1.0 MOS (sentence 3).  

However, in contrast to the results for SMOS, the average NMOS scores appear to be similar to those for UMTS, despite showing a larger range (e.g. average of average NMOS scores for VoLTE is nearly the same as the average of the average NMOS scores for UMTS).
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Figure 5 NMOS for no noise
Figure 6 shows NMOS results for pub noise, for each of five repeated measurements in UMTS and VoLTE, for each of the sixteen sentences and for the average.  As for the SMOS in pub of Figure 4, there is increased variation for both UMTS and VoLTE, but the range of scores in VoLTE is larger, which is preserved in the range of the average scores.  Again, the average of the average scores is similar, which would be expected under the expectation that the noise suppression is operating similarly in both transmission modes.
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Figure 6 NMOS for pub noise

Discussion

The delay results reported here are consistent with the results for the same device reported in [5], indicating that the delay estimation method in [6] performs similarly to that proposed for TS 26.132 (not really surprising).

The estimates for delay and for P.835 predictors SMOS and NMOS also show increased variability, and in the case of SMOS, appear to show a difference between transmission methods when averaged across the sentences.  The NMOS scores do not appear to show this trend.  One limitation is that statistical tests of variation are not applicable to the average values, due to the relatively small sample size (5).  

Based on these observations, devices which show variation in Sending delay in VoLTE also are constrained in direct applicability of [6].  It appears that, similar to delay, multiple measurements will be required in such instances.
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