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1. Introduction

In this paper we compare E-DCH HARQ simulation results for different HARQ operation points. “Scheme A” always uses the same E-DCH βeu/d value for the initial transmission and all retransmissions. “Scheme B” is a HARQ scheme with retransmission power reduction. The βeu/d value of the first and second retransmission is reduced compared to the βeu/d value of the initial transmission. To avoid higher layer retransmissions in “Scheme B” the βeu/d value of a third retransmission is not reduced. 

The most important results can be summarised as follows:

· Operating “Scheme A” (no power reduction) with a residual BLER of around 1% after the first retransmission gives an increased cell throughput compared to an initial BLER operation point of around 10%. However the packet delay, characterized by the average number of transmissions for successful decoding is high. 

· Operating “Scheme A” (no power reduction) with an initial BLER of around 10% leads to a reduction of the delay. However the achieved cell throughput is less.

· Using “Scheme B” (power reduction of retransmissions) gives the highest cell throughput. The average number of retransmissions is definitely lower than for “Scheme A” with a residual BLER of around 1 % after the first retransmission.

2. Simulation Results

In this section the system performance for full buffer and round robin as well as max C/I scheduling is analyzed. The presented results are for 10 ms TTI length. For the combining Chase combining is used. Further simulation assumptions are described in [1]. 
Round Robin
	HARQ Scheme
	Initial BLER
	Residual BLER 

(after the 1st retransmission)
	Av. Cell Throughput
	Av. Number of Transmissions 

	A
	9.8%
	< 1·10-4
	529.2 kbps
	1.10

	A
	96.2%
	1.4%
	629.2 kbps
	1.98

	B
	21.1%
	1.2%
	669.1 kbps
	1.23


Table 1: Simulation results for round robin scheduling
Table 1 shows simulation results for round robin scheduling. For the conventional HARQ scheme (“Scheme A”) two different operation points are investigated. The first operation point with an initial BLER of 9.8% provides a throughput of 529.2 kbps. However compared to “Scheme B” the achieved throughput is approximately 20% lower. 

For the second operation point the residual BLER after the first retransmission is set to 1.4%. The resulting initial BLER is 96.2% and therefore the average number of retransmissions is increased from 1.10 to 1.98. Compared to “Scheme B” with retransmission power reduction, the average cell throughput is less.  

For “Scheme B” the highest average cell throughput of 669.1 kbps is achieved. While operating “Scheme B” at a residual BLER of around 1% an initial BLER of 21.1% results and therefore the average number of transmissions for successful data delivery is low (1.23). 

Conclusion: “Scheme B” provides the advantages from “Scheme A” of a low average number of transmissions (first operation point) and a high average cell throughput (second operation point) in one single operation point while eliminating the disadvantages.

Max C/I
	HARQ Scheme
	Initial BLER
	Residual BLER 

(after the 1st retransmission)
	Av. Cell Throughput
	Av. Number of Transmissions

	A
	9.5%
	< 1·10-4
	820.7 kbps
	1.07

	A
	98.8%
	1.8%
	849.3 kbps
	2.01

	B
	21.1%
	1.2%
	909.4 kbps
	1.24


Table 2: Simulation results for max C/I scheduling
Table 2 shows equivalent simulation results for max C/I scheduling. The first operation point of “Scheme A” with an initial BLER of 9.5% gives a throughput of 820.7 kbps. The average number of retransmissions is small. However, compared to “Scheme B” that provides also a low average number of retransmissions, the achieved throughput is approximately 10% lower. 

For the second operation point the residual BLER after the first retransmission is set to 1.8%. The resulting initial BLER is 98.8% and therefore the average number of retransmissions is increased from 1.07 to 2.01. Compared to “Scheme B” with retransmission power reduction the average cell throughput is less. 

For “Scheme B” the highest average cell throughput of 909.4 kbps is achieved. While operating “Scheme B” at a residual BLER of around 1% an initial BLER of 21.1% results. The average number of transmissions for successful data delivery is low (1.24). 

Conclusion: Also for max C/I scheduling “Scheme B” provides the advantages from “Scheme A” of a low packet delay (first operation point) and a high average cell throughput (second operation point) in one single operation point while eliminating the disadvantages.

3. Summary

Our simulation results show, that E-DCH HARQ with retransmission power reduction (“Scheme B”) provides the advantages of a low average number of transmissions per packet and a high average cell throughput. 

Contrary operating a conventional E-DCH HARQ (“Scheme A”) with an increased BLER (“second operation point”) demands an increased processing power. For example if the first transmission BLER is high and the single user throughput is kept the same the peak data rate has to be increased and therefore more hardware and/or software resources in the network an UE side are needed. On the other hand, if single user throughput is allowed to decrease and the system throughput is increased by allowing more users in the cell this also requires more hardware and/or software resources in the network side and higher power consumption in the UE for repeated signal processing for retransmissions. As stated in [2] an operation point of 50-60% initial BLER requires that the base-band buffers and amount of processing resources are doubled compared to the BLER=10% operation point.
Consequently from these facts we propose not to tune E-DCH HARQ for operating at enormous initial BLERs (initial BLER > 90%) but to introduce a retransmission power reduction scheme.
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