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Introduction
A Work Item to investigate proposals for improvement of the range of the 2msec HSUPA TTI and their benefits and standardise a suitable solution was approved at RAN#43. The aim of the proposals is to enable operation of HSUPA in large cells without the need for configuring 2 TTI lengths for handling coverage near to the cell edge. The coverage gain can be achieved by means of either repeating a PDU over a number of TTIs or switching to a longer TTI when the UE has run out of transmit power. The aim of this paper is to present simulation results outlining the motivation for introducing such a scheme into HSPA. A companion paper describes some of the design issues. This paper summarises the basic simulation model, the simulation parameters and simulation results.
HSPA VoIP coverage performance

Figure 1 indicates the performance of VoIP using the 2msec TTI and 10msec TTI with CPC (but without HS-DPCCH overhead) in an LTE case 3 cell. Clearly with the 2msec TTI alone, the outage performance (Outage defined as FER>5%) is unacceptable. Comparison with figure 3 indicates that the outage performance is not due to RoT constraints, but rather coverage. Thus, at least for UEs near to the cell edge, the 10msec TTI must be configured. This leads to a need to manage 2 TTI lengths, and reduces capacity and, for the affected UEs battery life due to the lower utilisation of CPC for the 10msec TTI.
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Figure 1 Coverage performance of 2 and 10msec TTI in a 1732m, LTE case 3 cell
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Figure 2 Coverage performance of 2 and 10msec TTI in a 500m cell
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Figure 3 RoT of 2 and 10msec TTI in a 1732m, LTE case 3 cell
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Figure 4 RoT of 2 and 10msec TTI in a 500m cell

Simulation model

Repetition
Where repetition is used, repetition over a fixed period of consecutive TTIs is assumed. There is no retransmission of repetitions, but non repeated TTIs may be retransmitted. Thus, at the start of each TTI the UE decides, based on it’s transmit power status whether to use repetition or not. A new transmission or retransmission may take place every 8th 2msec TTI.

Simulation parameters

	Parameter
	Value

	Transport block size
	320 bits

	Maximum number of transmissions
	Set 1: 2 (10msec TTI), 4 (2msec TTI)

	Channel model
	TU6

	Release 8 slot level power control update
	Implemented


Simulation results

Coverage improvement
Coverage improvement was investigated using link level simulations, limiting the UE transmit power and plotting the residual BLER as a function of pathloss. When the UE has coverage, then the power control loops maintain the BLER. Once the UE runs out of transmit power, then the BLER rises.
The results show that repetition 12 can  meet the coverage of the 10msec TTI. Of course, the amount of repetition or extension can be set according to the coverage requirement, and these simulations are illustrative
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Figure 5 Coverage performance of Repetition 

It is also of interest to examine the impact of repetition on “consecutive BLER”. Consecutive BLER refers to the incidence of runs of errors in 2 adjacent speech frames, which cause a greater degree of disturbance to the voice quality. Figure 6 compares residual BLER between 2msec TTI, 10msec TTI and repetition. It can be noted that repetition improves the coverage slightly more when considering consecutive BLER compared with BLER per TTI.
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Figure 6 Coverage performance of repetition considering consecutive BLER
Conclusions
The simulation results presented in this paper demonstrate that a coverage improvement can be obtained using repetition that enables the UE to attain a similar level of coverage as is obtained using the 10msec TTI. However most of the time the terminal does not use repetition, and so can benefit from CPC. Furthermore, radio link reconfigurations to switch TTI lengths are avoided, reducing failure cases and overhead.
The scheme could also be used to extend coverage beyond that of the 10msec TTI if necessary by using more repetition or switching to a longer TTI length.
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