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1 Introduction
VoIP optimization has been proposed as a potential topic for further study within the scope of future FDD HSPA evolution [1]. Significant potential improvements to VoIP have also been proposed and studied within the framework of the Continuous Packet Connectivity (CPC) work item [2]. Given the importance of VoIP further simple and cost effective improvements are desirable. 
In this contribution we point out an issue with VoIP performance that could be addressed for future evolution and propose that VoIP optimization be studied under HSPA evolution.

2 VoIP Capacity 
One issue with VoIP uplink performance in the 2ms non-scheduled mode is that the uplink interference cannot be kept sufficiently constant over time, which results in uplink capacity loss.
As the VoIP data rate is much lower than the instantaneous bit rate provided by the 2ms TTI, the uplink transmission is bursty with typically 2-3 out of 8 HARQ processes used on the average. These processes will typically be staggered between different users by the RNC, which will somewhat spread the interference over all processes.
However, one problem is that VoIP traffic varies over time due to varying voice activity. Thus, even if allowed HARQ processes of different UEs are staggered, the noise rise will significantly vary from one TTI to another unless the sets of allowed HARQ processes can be modified dynamically as a function of voice activity. 
Such dynamic operation is not practical with the currently defined mechanism for the restriction of HARQ processes in non-scheduled transmissions, which relies on slow RRC signaling. As will be shown below, the result is a significant performance setback, which diminishes the improvement in VoIP capacity brought by the improved physical layer of HSUPA compared to R99 UL. Thus, we are faced with a situation where HSUPA degrades noise rise stability compared to R99, instead of improving it as would be expected. This issue exists, to a smaller extent, also for 10ms TTI. However, the potential system capacity with 10ms TTI is lower to begin with.
To assess this issue quantitatively, simulation results have been generated for the noise rise (RoT) in scenarios where a number of VoIP calls are on-going. In such scenarios the noise rise is varying over time due to the changing voice activity of the users. We consider 3 cases of UL channels: R99, R6 with semi-static HARQ process allocation (current spec) and dynamic allocation. 
In Fig.1 we show the RoT overshoot, defined as the probability that the instantaneous value exceeds a given level (7dB) as a function of its mean. This graph is indicative of system latency and stability with lower numbers being better. As we can see for a wide range of reasonable probability values the dynamic allocation can support higher average noise. The difference ranges from ~0.35dB up to 1dB when the overshoot percentile varies between 25% and 5% respectively.
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Figure 1: RoT Overshoot as a function of its mean (PedA, 3 km/h)
3 Conclusion

We demonstrated that there is potential for improving capacity of VoIP in HSPA evolution in addition to what has already been achieved with current improvements in CPC. It is proposed to include VoIP improvements within the scope of HSPA evolution to address this and other VoIP performance issues. Such modifications would also improve the system performance with applications other than VoIP.
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5 Appendix

5.1 Simulation assumptions
	Parameter
	Value

	Channel models
	Pedestrian A, 3km/h and Pedestrian B, 3km/h

	HARQ throughput
	30%

	Voice activity factor
	35%

	Soft/softer handover gain
	3 dB

	% of UEs in Soft/softer handover
	28%

	UL load from PRACH
	3% of pole capacity

	Intercell-to-intracell interference ratio
	55%

	HS-DPCCH
	Not modeled


5.2 VoIP data rates
The bit rate offered by the VoIP application with header compression (~15 kbps) is much lower than the instantaneous bit rate during a TTI of 2 ms (~150 kbps).  Thus, when utilizing the E-DCH with 2 ms TTI, an active VoIP user is typically only active for a subset of the 8 available HARQ processes. Assuming an average HARQ throughput of e.g. 30%, only 2 or 3 out of 8 HARQ processes would typically be used by a single VoIP user.







