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1. Introduction

In previous contributions, we investigated the interaction between physical layer HARQ and fast power control. Due to fast power control, the received SIR of a failed transmission will in most of the cases be only slightly smaller than the target SIR. It was therefore proposed to use a reduced retransmission power to reduce interference, UE power consumption and reduce the probability of UE power limitations [1]. For the same average cell load throughput gains between 10 - 20% have been already shown in [2] for 10 ms TTI. Furthermore due to the reduced transmission power, the need to schedule retransmissions in order to control RoT is removed [3].

In this paper we investigate the system performance for a varying target FER of the initial transmission. Besides the average cell throughput we look on the average UE power per transmitted information bit. It can be seen that if we use power adaptation of HARQ retransmissions, we obtain a better performance and a more efficient behaviour in terms of UE power consumption.

2. HARQ Performance

HARQ is used in packet-oriented data transmission to increase efficiency and robustness with respect to frame errors. If HARQ is applied to a fast power controlled channel, like E-DCH, the interaction of both techniques – HARQ and power control - must be carefully studied. Therefore, we investigate the system-level performance of E-DCH for a constant average noise rise (4.3 dB) and a varying FER of the initial transmission. The system under study uses a full buffer scenario with 10 users per cell, 10 ms and 2 ms TTI, Chase combining, and Ped. B channel at 3 km/h. Further details on the simulation assumptions are given in [2].

Fig. 1 shows the average cell throughput versus the FER of the initial transmission for a system without and with power adaptation of the HARQ retransmissions (10 ms TTI length). It can be seen that the system with retransmission power offset outperforms the system without power adaptation of the retransmission for all investigated initial FERs. In particular, without HARQ retransmission power offset (blue curve), the optimum operation point in terms of cell throughput for the initial FER is lower compared to a system with HARQ retransmission power reduction. Further without power offset retransmissions are used only rarely and the maximum average cell throughput of 832 kbps is achieved for an initial FER of approximately 7%.

The black curve shows the system, where the HARQ retransmission power is reduced. The optimum operation point in terms of throughput for the initial transmission is between 20 - 30%. The maximum achieved throughput for the system with HARQ power adaptation is 902 kbps. From there depending on the initial target FER and with the inaccuracies of a real system, we expect overall gains in range of at least 10% for a system with HARQ retransmission power reduction. Furthermore, we note that the system with power adaptation is more robust, since system performance is reduced only slightly if the FER target operation point is not met exactly. The conventional system is more sensitive to mismatch between achieved FER and target FER: e.g. if the achieved FER is 10% higher than the target FER, the throughput decreases already by around 5%, whereas in the system with HARQ power adaptation such a mismatch would reduce the throughput by less than 2%.
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Fig. 1: Average cell throughput for HARQ with and without power adaptation of retransmissions(10 ms TTI length)

Figure 2 depicts the associated link efficiency. The y-axis shows the average UE transmit power per information bit on E-DCH normalized to the user’s DPCCH transmit power.
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Fig. 2: Average normalized UE RF power per transmitted bit for HARQ with and without power adaptation of retransmissions (10 ms TTI length)
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Fig. 3: Average cell throughput for HARQ with and without power adaptation of retransmissions (2 ms TTI length)

Also for 2 ms TTI the system with retransmission power reduction outperforms the system without power reduction for all investigated FERs. The optimum operation point in terms of cell throughput for the FER of the first transmission is around 10% with no power offset otherwise 20%. Regarding the throughput we achieve a maximum of 972 kbps. This is a gain of 6% compared to the conventional system. As in the 10 ms case, we again see that the system with retransmission power offset is more robust against mismatch of the achieved FER from the target FER.
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Fig. 4: Average normalized UE RF power per transmitted bit for HARQ with and without power adaptation of retransmissions (2 ms TTI length)

Figure 4 depicts the link efficiency for 2 ms TTI length similar as shown in Figure 2 for the 10 ms case. It can be seen, that with HARQ retransmission power adaptation, the UE power consumption can be reduced.

3. Conclusion

In previous contributions, we investigated the interaction between physical layer HARQ and fast power control. Due to fast power control, the received SIR of a failed transmission will in most of the cases be only slightly smaller than the target SIR. It was therefore proposed to use a reduced retransmission power to reduce interference, UE power consumption and decrease the probability of UE power limitations [1].

In this paper we showed the system performance for 2 ms and 10 ms TTI length and a varying target FER of the initial transmission. The HARQ operation with power reduction of the retransmissions is more efficient than without power reduction. Depending on the system settings and with the inaccuracies of a real system, we expect an overall gain of at least 6% for 2 ms TTI length and 10% for 10 ms TTI length by introducing a system with HARQ retransmission power reduction. Additionally the robustness against a mismatch between the operational FER and the optimum target FER is increased.

We propose to adopt the concept of using a HARQ retransmission power offset for E-DCH. This will increase network performance and reduce UE power consumption.
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