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Transfer Delay Values for conversational class

1.0 Introduction

At recent meetings of 3GPP SA2 there has been considerable discussion over the range of transfer delay values for conversational and streaming classes for the UMTS and Radio Bearer services in 3G TS 23.107 (Tables 6.5.1, 6.5.2), with no consensus yet reached. The aim of this document is show the impact of transfer delay on conversational speech quality, to enable realistic delay targets to be developed consistent with meeting a known level of speech quality.

2.0 Discussion
The issue at hand is how to allocate the end to end delay values given in 3G TS 22.105 (Table 1) to suitable transfer delay value ranges for the UMTS and Radio Access bearer services. At 3GPP SA#17 (26 Feb – 2 Mar 2001) two proposals emerged, with no agreement.

S2-010664, S2-010665

These documents recognise the difference between the overall end to end delay and that of the radio part (UMTS, RA). They argue that mobile to mobile communication is an important consideration, and given that this implies a connection involving two UMTS systems, the delay limit for the UMTS bearer service should be no more than 200 ms to meet the TS 22.105 end to end limit of 400 ms. Allowing up to 25 ms for the core network delay leads to a maximum of 175ms for the RA bearer. The proposal is summarised below.

	
	Delay range

	
	Conversational class
	Streaming class

	UMTS bearer service
	100-200 ms
	200-2500 ms

	Radio Access bearer service
	80-175 ms
	175-2475 ms


S2-010426

This document recognises the end to end delay requirements in TS 22.105, but argues that the allocation of delay to the UMTS and RA bearers should be dependent on the capabilities of the bearer, and low delays may be difficult to achieve. No account is taken of mobile to mobile communication, and thus the full 400 ms limit is used. Allowing up to 25 ms for the core network delay leads to a maximum of 375ms for the RA bearer. The proposal is summarised below.

	
	Delay range

	
	Conversational class
	Streaming class

	UMTS bearer service
	100-400 ms
	400-2500 ms

	Radio Access bearer service
	80-375 ms
	250-2475 ms


Analysis of conversational speech quality as a function of delay

A point that has not been made in determining UMTS and Radio Bearer delay ranges is that the end to end delay requirements given in 3G TS 22.105 cover a wide range of conversational speech quality.

This can be seen by using the ITU-T Rec. G.107 E-model to estimate conversational speech quality as a function of one-way delay, as shown in Figure 1 below, for both an ITU-T Rec. G.711 codec and the AMR codec (operating at 12.2 kb/s). By way of explanation, the Y-axis is scaled in terms of Transmission Rating Factor R, where R is related to the user perception of voice quality as shown in Table 1, taken from ITU-T Rec. G.109.
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Figure 1 – Voice quality as a function of one-way delay

	R-Value Range
	Speech Transmission Quality Category
	User satisfaction

	90 £ R < 100
	Best
	Very satisfied

	80 £ R < 90
	High
	Satisfied

	70 £ R < 80
	Medium
	Some users dissatisfied

	60 £ R < 70
	Low
	Many users dissatisfied

	50 £ R < 60
	Poor
	Nearly all users dissatisfied

	NOTE:
Connections with R-values below 50 are not recommended.


Table 1 - Definition of Categories of Speech Transmission Quality (ITU-T Rec. G.109)

Note that the curves in Figure 1 assume ideal echo control, and do not take into account any packet loss, so they can be considered an upper bound on speech quality. For the AMR codec, it can be seen that although a 400 ms one-way delay limit can be tolerated, the resulting voice quality is Poor. In fact, conversational speech quality deteriorates quite rapidly for one-way delays in excess of about 200 ms.

3.0 Conclusion
The results in Figure 1 provide a rational basis for specifying UMTS transfer delay in terms of the effect on conversational speech quality. For example, to allow mobile to mobile communication (involving two UMTS systems) to remain in the High voice quality class, the limit for UMTS one-way transfer delay is about 100 ms. This is consistent with the two-way delay limit of 180 ms (ie 90 ms one-way) specified for GSM systems in GSM 03.50. Transfer delay in excess of 200 ms will certainly result in poor conversational speech quality for mobile to mobile, while being on the edge of noticeable degradation even for mobile to fixed.

A CR is provided to reflect the results in this paper, where the maximum value of the transfer delay for the conversational class is set to 100 ms. There is no need to define a minimum value (S2-012094 to 96).

As for transfer delay values for streaming services, these are much more delay tolerant, and values can extend up to several seconds as previously proposed. This is further discussed in another paper and the appropriate CR is also provided.
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