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1. Introduction
In this contribution we evaluate the impact of HARQ termination statistics on UL VoIP performance. Based on the simulation results we draw conclusions with respect to the discussion on the specialized scheduling mechanism for VoIP on UL.
2. Simulation Results 
The simulation assumptions are aligned with [1]:

· Simulation scenario D1

· 500 m site to site distance

· 20 dB penetration  loss

· System bandwidth is 5 MHz 

· 20 resource blocks (RB) are available for scheduled traffic

· The total number of HARQ processes is set to 6
· Same target number of HARQ transmissions across all UE

· Dynamic scheduler

· Number of assigned RBs per VoIP UE

· 2 RBs, rate 2/3 assumed for the first transmission 

· 1 RB, undecodable first transmission 

In Figure 1, we show the impact of HARQ termination statistics on the systems capacity. It can be observed that finer granularity achieved with 1 RB assignment translates into better trade-off between dimension utilization and interference created to other cells. As it can be seen from Figure 1, more UEs with less interference (IoT level) can be supported if 1 RB (as opposed to 2 RBs) per MAC PDU is assigned to a UE.      
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190 UE, 2 RB, median # of transmissions=1.75,  IoT = 11.6dB

190 UE, 1 RB, median # of transmissions=2.91,  IoT =  7.0dB

220 UE, 1 RB, median # of transmissions=2.92,  IoT =  9.3dB

200 UE, 2 RB, median # of transmissions=1.76,  IoT = 12.7dB


Figure 1: CDF of 98% delay - effect of HARQ termination statistics on system capacity
In Figure 2, we show the impact of smaller value for the number of HARQ retransmissions on IoT alone. As it can be seen from the figure, smaller number of HARQ retransmissions translates into higher required Eb/No per information bit and consequently higher IoT. 
Even in small cells, such is the case for simulation scenario D1, the impact of high IoT is noticeable, as observed in the tail of the delay statistics shown in Figure 2. The smaller value for targeted number HARQ retransmissions benefits users at the centre of the cell, but it negatively impacts users at the cell edge due to power limitation.   
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190 UE, 2 RB, median # of transmissions=1.75,  IoT=11.6dB

190 UE, 2 RB, median # of transmissions=1.65,  IoT=14.7dB

190 UE, 2 RB, median # of transmissions=1.58,  IoT=16.3dB

190 UE, 2 RB, median # of transmissions=1.44,  IoT=19.0dB


Figure 2: CDF of 98% delay -effect of HARQ termination statistics on IoT 

System capacity is determined by the combination of two limits: dimension and interference (power). Proper scheduler carefully balances the trade off between dimension usage and amount of interference it is injected into the network. In order to minimize interference to other cells, larger number of HARQ retransmissions can be targeted.   
3. Impact on Optimized Scheduling for VoIP on UL
From the results shown in Section 2, it is clear that unlike on DL, one cannot assume that the number of transmissions per MAC-PDU is small on UL. If as on DL, it is assumed that retransmissions are fully dynamically scheduled and first transmissions are scheduled with persistent grants, for optimized system performance, the number of UL grants could be higher than in case of fully dynamic scheduling. As long as the average number of HARQ transmission is more than 2 (which could be desired operating point), more control overhead actually is incurred by scheduling retransmissions then first transmissions.   
4. Conclusion
Optimized scheduling algorithm for VoIP on UL needs to efficiently schedule both first transmissions and subsequent HARQ retransmissions. 
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