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1   Introduction

During GERAN #29 at least two different papers ([1] and [2]) have discussed link budget aspects related to a proposed reduction of the GERAN TTI.  
One of the main applications of this proposed enhancement, which consequently defines a metric for its evaluation, is Voice-over-IP.
The present paper attempts to provide some input to such evaluation.
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PHY aspects of a RLC/MAC proposal
During GERAN #29 at least two different papers ([1] and [2]) have discussed link budget aspects related to a proposed reduction of the GERAN TTI.  

One of the main applications of this proposed enhancement (or, according to some, the only application) is Voice-Over-IP. 

In particular, it is assumed that the support of VoIP in GERAN does require some modifications to the radio interface, such as a reduction of the TTI to 5 or 10 ms. A reduction of the TTI would reduce the latency both on the radio and on the A-bis interfaces, and would allow for the additional benefits of a faster MS reaction time.

Delay budgets have been computed and evaluated in [1] and [2] for single link VoIP calls (i.e. GERAN VoIP user to network) and dual-link VoIP calls (i.e. GERAN VoIP user to GERAN VoIP user). These delay budgets rely on a contribution of the air link, whose performance of course corresponds to the performance of the proposed reduced TTI. 

As such, the aforementioned delay budgets are dependent on the link level performance of the proposed reduced TTI (e.g. reduction in frequency diversity versus lower latency, number of needed retransmissions and consequent ARQ delay, etc)

In other words, although it is acknowledged that the “reduced TTI” can be formally or academically considered a higher layer enhancement, the associated performance gains (and therefore the corresponding justification of the standardization effort) do depend on results related to the radio interface. 
For this reason, it is critical that a correct evaluation framework is discussed related to the radio aspects of the reduced TTI.
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Use cases
In multiple instances, it has been discussed that the main driver for the reduction of the TTI is the support of VoIP in GERAN. Within this context, the present paper will limit its considerations to mobile-to-mobile GERAN VoIP calls. 
Considering MS-MS GERAN VoIP calls, the following categorizations can be made

· GERAN users will be camping either in a low frequency band or in a high frequency band

· We will assume a 50% / 50% distribution

· GERAN users will be at different velocities
· Velocity distributions employed in [3] for the evaluation of 16QAM + Turbo Coding will be employed

· Pedestrian users (< 5 km/h): 60%

· Low/medium speed users (< 50 km/h): 20%

· High speed users (> 100 km/h): 20%

· This is also consistent with what is currently assumed by RAN1 for LTE
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An evaluation framework
This result in the following set of combinations for GERAN VoIP <-> VoIP calls. 

The table outlines the estimated probability that a GERAN VoIP call takes place with certain characteristics.
	
	MS 2

	
	Low band –Pedestrian
(30%)
	Low band – 
Medium Speed
(10%)
	Low band – 
High Speed
(10%)
	High band – Pedestrian
(30%)
	High band – 
Medium Speed
(10%)
	High band – 
High Speed
(10%)

	MS

1
	Low band –Pedestrian (30%)
	9%
	3%
	3%
	9%
	3%
	3%

	
	Low band – 
Med. Speed (10%)
	3%
	1%
	1%
	3%
	1%
	1%

	
	Low band – 
High Speed (10%)
	3%
	1%
	1%
	3%
	1%
	1%

	
	High band – Pedestrian (30%)
	9%
	3%
	3%
	9%
	3%
	3%

	
	High band – 
Med. Speed (10%)
	3%
	1%
	1%
	3%
	1%
	1%

	
	High band – 
High Speed (10%)
	3%
	1%
	1%
	3%
	1%
	1%


Table 1. Probability distribution of radio conditions for GERAN VoIP calls
The table shows that a large number of combinations are possible. So far, only an extremely limited number of cases has been evaluated. For example, the study performed in Section 3 of [1] covers less than 10% of the applicable cases.

Of course it would be relatively time-consuming to study all 36 combinations (although it certainly would help in offering a full picture of the proposed enhancement and its applicability). However, it seems logical to cover at least a fair percentage of the potentially applicable use cases to justify physical layer changes that have the goal of enabling such uses cases.

As such, it might be beneficial to discuss 

· Which of the above combinations are of interest for the support of VoIP in GERAN
· For which percentage of the above combinations the proposed enhancements (e.g. Reduced TTI) need to provide a satisfactory performance in order to consider them as successful in achieving their goal

For the cases of interest, the performance of the proposed RTTI at the physical layer should be assessed, and the corresponding delay budgets should be verified accordingly.

5    Conclusions 
This contribution has discussed the physical layer dependencies of the proposal for a Reduced TTI made in the context of latency reduction, particularly for the use case of MS to MS GERAN VoIP calls.
It is evident that multiple applicable cases exist, of which only less than 10% has been evaluated up to now.

It seems logical to cover at least a fair percentage of the potentially applicable use cases to justify physical layer changes that have the goal of enabling such use cases.

As such, it might be beneficial to discuss 

· Which of the combinations described in Section 4 are of interest for the support of VoIP in GERAN

· For which percentage of the above combinations the proposed enhancements (e.g. Reduced TTI) need to provide a satisfactory performance in order to consider them as successful in achieving their goal

For the cases of interest, the performance of the proposed RTTI at the physical layer should be assessed, and the corresponding delay budgets should be verified accordingly.
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