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1. Introduction

During the last WG1 meeting, a degradation in performance of the HS-DSCH at certain coding rates was described in [1], [2]. This effect tends to occur at higher coding rates, and is a potentially significant factor in the performance of HSDPA for all UMTS modes (FDD, 3.84Mcps TDD, 1.28Mcps TDD).

The previous contributions concentrated on establishing the existence of the effect and describing it’s mechanism. They did not focus on the effect of the problem on HS-DSCH throughput, or on it’s interaction with the HARQ process.

This contribution details some further investigations of throughput and HARQ, based on 1.28Mcps TDD HSDPA. Due to the commonality of the rate matching and turbo coding stages, the conclusions from these results can also be applied for 3.84Mcps TDD and FDD.
2. HS-DSCH performance degradation and it’s effect on throughput

The effect of the turbo coding / rate matching interaction is recalled in Figure 1, which shows the Ec/No required for achieving 1% BLER in static channel conditions. Figure 1 also shows the major affected coding rate regions.
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Figure 1: Performance degradation versus code rate

2.1. Possible solutions

Methods for addressing the performance degradation are outlined below:

· Do nothing – rely on HARQ to overcome any reduction in throughput

· Do not use the affected code rates – This would require a solution in the MAC-hs that avoids requesting problematic code rates at the NodeB. This solution seems unfavourable, as it would require higher layers to solve what is essentially a physical layer problem. It may also cause some throughput degradation if it is required to drop a MAC-hs PDU(coding rate decrease) or if some additional padding at the MAC-hs layer is required (coding rate increase).

· Implement a change in HS-DSCH rate matching implementation in the physical layer to break up problematic rate matching patterns when they occur and thus remove the performance degradation. A proposed physical layer fix is described in TDOC 725.
2.2. Simulations 

Simulations were performed using a 1.28Mcps TDD HS-DSCH simulation  examining the performance with HARQ alone, and with the combination of HARQ and the proposed modification.

12 resource units were used, giving a maximum Transport Block Size of 2005. 

2.3. Simulation Results

Figure 2 shows simulation throughput results in AWGN conditions. There are four noticeable troughs in the HARQ curve, these correspond to SIR regions in which four “problematic” code rates are frequently selected. The troughs around –1.5 and +0.5 dB are less pronounced as the CQI variance is larger at low Ior_hat/Ioc, and therefore the problematic rate is selected for a lower percentage of the time.
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Figure 2: VRC with and without HARQ in AWGN

It can be seen that HARQ does not fully overcome the performance degradation. The proposed physical layer modification can be seen to overcome the performance degradations and hence restore throughput levels.
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Figure 3 VRC with and without HARQ in PedA 3km/h

The results in a fading channel are shown in Figure 3. The effect of fading is to spread the range of SIR values over which a particular CQI is fed back (and configuration selected). For example, at Ior_hat/Ioc = 11.5dB, CQI 36 is selected 68% of the time, whereas in PA3km/h channel, CQI 36 is selected a maximum of 3.5% of the time. (However CQI36 is selected more often in the fading channel at nearby Ior_hat/Ioc). This leads to a spreading of the degradation effect over a wider range of SNR, hence the sharp troughs are replaced by a smaller general reduction in performance. In this case, the proposed modification again rectifies this small performance reduction.

In AWGN, the physical layer modification gives an additional 65% increase above the increase achieved through HARQ alone. The gains in the fading channel are somewhat smaller at around 3% above HARQ. However, it should be bourne in mind that the results are averaged over time and that the AWGN results indicate that during particular points in time at which the level of fading is such that particular problematic rates are selected frequently, a throughput degradation will occur.

3. Summary

Simulations have been carried out, based on LCR TDD to assess the effect of the turbo coder / rate matching degradation issue on HSDPA throughput in static and fading channels, and to assess the effect of HARQ on the issue.

In the case of a static channel, it is clear that HARQ can improve performance to some degree, but a satisfactory improvement in performance can only be achieved using a modification in the physical layer.

In a fading channel, the effect of the problematic rates is spread, and so the performance improvement achieved by HARQ and the proposed modification is more modest. 

Although these simulations have been restricted to 1.28Mcps TDD, we summise that the effect in other modes would be similar. Hence to avoid degradations in throughput for certain static users or at certain periods of time for slow moving users it is recommended that the proposed modification to the physical layer, which alters rate matching behaviour at the problematic rates whilst leaving other rates unchanged, be applied.

4. Simulation Assumptions

	Parameter
	Assumption

	Mode
	1.28Mcps TDD

	Scheduling
	Based on CQI

	HARQ Combining
	Chase

	Maximum HARQ re-tries
	4

	Propagation Models
	Static: Single path a 0 sec.

Fading: ITU Pedestrian A

	UE Speeds
	Static: 0km/h

Fading: 3km/h

	Channel Estimation
	Enabled

	Receiver Detection
	JD-MMSE
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