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1 Introduction

In this paper, we discuss the gain settings for E-DPCCH including the option of power reduction during re-transmissions so as to reduce the signalling power overhead due to E-DPCCH.  The overhead due to E-DPCCH is especially large for the case of 2ms TTI length, where there is no gain due to repetition as is the case for 10ms TTI length. From previous results [1], it can be seen that there is a 7-9 dB difference in received Ec/Io that is required for achieving the same word error rate with 10ms and 2ms TTI lengths. The 2ms TTI length is considered useful typically for applications with low bit rate which are latency sensitive, as well as for applications with high peak data rates. However, for low bit rate applications, the fraction of transmit power due to E-DPCCH is large and could be comparable to the transmit power of the E-DPDCH itself. If this is the case, capacity will be severely affected due to such high signalling power requirements.

In Section 2, we show the benefits from an E-DPCCH combining approach across re-transmissions. In Section 3, we propose a gain factor reduction that takes advantage of such a decoding algorithm. This will improve overall E-DCH capacity, especially for 2ms TTI length.  We also discuss the actual gain factor setting in Section 3, and some conclusions are given in Section 4. 

2 E-DPCCH Improved Decoding for Re-transmissions

The E-DPCCH receiver has to decode the E-TFCI, RSN and Happy Bit every TTI. Noting that the E-TFCI is the same across re-transmissions and the RSN follows a predictable sequence, it is possible to improve the decoder performance in subsequent re-transmissions by exploiting this redundancy. This has also been shown in [2], where improved decoding performance was seen on an average across all re-transmissions by such combining algorithms. 

The decoding performance for different numbers of re-transmissions is illustrated in Figure 1, where the word-error-rate (WER) for an AWGN channel with ideal channel estimation is plotted for 2ms TTI length. As can be seen from Figure 1, there is a significant improvement in the WER performance as the number of re-transmissions increase. The additional gain due to considering an additional sub-frame in the decoder becomes smaller as the number re-transmissions increase, as is to be expected. 

[image: image1.wmf]
Figure 1: Performance Improvements due to combined decoding, Word Error Rate versus E-DPCCH Ec/Io, for AWGN Channel, 2ms TTI.

3 Gain Factor Reduction over Re-transmissions
Decoding E-DPCCH jointly over multiple transmissions leads to lower number of NACKs being sent on the E-HICH due to erroneous E-DPCCH decoding. If the UE also transmits at a lower ec/c setting during subsequent re-transmissions, this yields a capacity increase due to reduced interference power for other users. When the amount of power reduction is configurable by the RNC, the NodeB scheduler can explicitly take into account the power adjustments in its resource management. 
It is suggested to specify a power profile with the ec/c gain setting such that a nominal ec/c gain setting is used for the first transmission, and then a sequence of pre-determined offsets to this nominal gain setting is used for subsequent re-transmissions. The reduced powers are applied to re-transmissions corresponding to the same HARQ process. These offsets can be specified through higher layer signalling over NBAP. For a given re-transmission index n corresponding to a particular HARQ process, the gain factor may be computed as
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where (n) is the power offset from one transmission to the next one in dB, and rmin is the minimum gain ratio specified. Here, ec(1)/c  is the nominal gain factor used for the first transmission. The computation includes the case of equal gains for all transmissions by setting (n) = 0 for all n. 

An E-DPCCH power de-boosting proposal was given in [3] in the context of using the TXI bit. While in [3] de-boosting is applied to the next TTI transmission, the approach suggested here is different as the gain factors are reduced for re-transmissions on the same HARQ process, which is made possible by combining over multiple transmissions. . Note that the suggested approach works with the signalling format specified for E-DPCCH and does not need any modifications to the physical layer structure of E-DPCCH. 

With E-DPCCH gain factor reduction over re-transmissions, it is expected that the dynamic range of ec/c increase due to the application of the gain factor offsets. The increase depends on the number of transmissions, the expected amount of gain due the combining algorithm used, the propagation channel encountered and the chosen DPCCH SIR target. The quantization of the gain factors, the power offsets (n), and the minimum gain ratio rmin is for further study.

4 Conclusions

We have proposed a method for gain settings of E-DPCCH that involves reduced gain factors during re-transmissions. This will allow E-DCH to achieve a significantly higher capacity for 2ms TTI than currently possible, especially for low bit rate applications, where the signalling overhead is a significant portion of the total power. 
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