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1. Introduction

The NodeB controlled Hybrid ARQ in E-DCH allows for a rapid response to errors received in the UL transmission and typically reduces the number of RLC re- transmissions and associated delays. This implies that the system can be operated with a higher error probability with an increase in data rate coverage and system capacity. Typically, the HARQ operating point should aim for several transmission attempts as to provide gains over R99/4/5. Previous contributions have shown that using a large initial rate and aiming for several transmission attempts can reduce the receiver threshold Eb/N0 requirement [1]. This will allow for a lower CIR to be targeted and higher system capacity. Moreover, lower Eb/N0 requirements give a higher data rate also for power-limited terminals. 

On the other hand a Hybrid ARQ operating point aiming for a significant number of transmission attempts will in some cases, e.g. at low load and non-power limited terminals, result in unnecessary delay and impaired end-user perceived performance. To be able to gain from the HARQ in terms of capacity and data rate coverage and still provide high-speed data access and improved end-user performance it is thus desirable to have a more flexible HARQ operation. 

2.  Power offset boosting at low load
In low load situations, as e.g. indicated by NodeB and were the interference headroom is sufficient, the terminal should be allowed to use the available headroom. This typically would be corresponding to the granted rate from the NodeB(s). The UE would in this case, be able to target a lower number of transmission, even if the typical flow (e.g. Mac–d flow) and associated power offset have other typical targets specified for the normal reference case. 

This can for example be accomplished by associating one or several additional power-offsets or “power boost” levels that may be used for the same transport block size. See for example Table 1. The terminal may autonomously choose the largest possible power offset according to the amount of data in the transmit buffer, the available power and the Node B scheduling grant. 
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Table 1: Example of a table containing two power-offset boost alternatives.

The realization could be different depending on the power available to the UE:

· For non-power limited terminals a large power offset may be chosen aiming for a single or a few transmission attempts giving a higher overall bit rate and simultaneously a smaller round trip time and improved end-user performance. 

· The power-limited terminals on the other hand may choose a smaller offset for the same transport block size and aiming for several transmission attempts rather than decreasing the transport block size. This enables the HARQ gain to be utilized for power-limited terminals.

In high load situations the NodeB scheduler limits either the rate or the power offset that may be used. Again the terminal may choose to reduce the power offset and keep the transport block size. By reducing the rate through targeting a higher number of transmission attempts we profit from the improved link efficiency due to the Hybrid ARQ gain. In the end this will also provide improved capacity.

I case the power offset boost is used the interaction with the outer loop power control, considerations must be taken in order to avoid the interaction between the outer-loop power control and the decreased CIR target. For example the Node B can estimate the offset used and signal this to the outer loop control. This may be plausible if a small number of offsets are allowed. Specific solutions require further discussion. 

3. Benefits of the Scheme at power limitation

The scheme outlined has been illustrated with simple simulations for a power limited UE [Annex A]. In summary we could see that if we choose a HARQ operating point aiming for a high data rate, i.e. one transmission attempt, the data rate availability for the power-limited terminals would be degraded compared with release 5. 

If the power limited terminals were allowed to choose a smaller offset, for example aiming for four transmission attempts, rather than reducing the transport block size according to the TCF selection algorithm, the data rate availability for power limited terminals is maintained and even improved in comparison with release 5. 

If we allow for a more flexible HARQ operation, for example by allowing the terminal to choose from some addition power offsets the EDCH can provide both increased data rates and maintained data rates for power limited terminals.

4. Conclusions

The issue of providing high-speed data access in combination with HARQ gains for data rate coverage and capacity has been addressed. By allowing the terminal to autonomously choose between a set of power offset values for the same transport block size, depending on available data, power and interference headroom, the gain from HARQ in capacity and data rate coverage can be exploited while still provide high-speed data access in the situations where this is possible.

5. Proposal

It is proposed that the discussed scheme of flexibility in HARQ operation is captured in the Stage 2 specifications (TS 25.309) and affected stage 3 specifications.
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Annex A: Simulation Example

The advantage of having a flexible HARQ operation is illustrated using simulations in a macro-cellular environment at low load. In Figure 1 we present the CDF of the packet bit rate for release 5 and an EDCH 1.28 Mbps with three different power offsets aiming for one, two and four transmission attempts. The file size is 200 kByte and TCP is modeled. The residual BLER is 1% for all cases. The drop in packet bit rate is due to power limitation, which is modeled through TFC selection. 
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Figure 1: CDF of packet bit rate. Simulation example with 1.28 Mbps EDCH, 2ms TTI and one, two and four transmission attempts. The residual BLER is 1%. With a fixed HARQ operating point aiming for high data rate the data rates for power limited terminal will be degraded in comparison with a release 5. If we allow for one or two power boost levels high-speed data access can be achieved and data rate coverage for power limited terminals preserved. 
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