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1 Introduction

Current 3GPP standards use E-DPCCH to carry control information required to recover the data from E-DPDCH at NodeB. The E-DPCCH encoding is a punctured (32, 10) sub-code of the second order Reed-Muller code, which is the same as the code used for TFCI for legacy dedicated channels in the 3GPP standards. One advantage of using this code is the legacy design for TFCI processing for dedicated channels can be reused here for E-DPCCH processing at the NodeB.

In this contribution, we point out that with the current mapping of the E-DPCCH information to the E-DPCCH bit fields defined in 3GPP standards, the reuse of the legacy TFCI decoder is only partially achieved. We then propose a new mapping so that full reuse of the legacy TFCI decoder can be achieved while there is no performance loss at the NodeB receiver. This new mapping should replace the current mapping defined in the 3GPP standards TS25.212.

2 TFCI processing for DCH
A general block diagram of the TFCI processing at the UE and the NodeB for TFCI corresponding to dedicated channels is shown in Figure 1. 
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Figure 1: Block diagram of the TFCI processing for R99 and R4

At the UE transmitter, a 10-bit TFCI index is coded into a 32-bit TFCI codeword using the (32,10) sub-code of the 2nd order Reed-Muller code. Depending on the TFCS (transport format combination set) size, only the indices from 0 to TFCS_size-1 are used out of the 1024 possible TFCI index values. Usually the TFCS_size is a much smaller number than 1024. For each transmission, the index is mapped to its binary representation, which is the (a9, a8, …a0), with a9 the MSB (most significant bit) and a0 the LSB (least significant bit). 

At the NodeB receiver, soft symbols, s0, s1, ..., s31 corresponding to the coded TFCI bits, b0, b1, ..., b31 at the UE, are obtained. These soft symbols are then decoded by correlation with possible TFCI code words to obtain some metrics and searching for the maximum of these metrics results. The index that corresponds to the maximum metrics is the decoded TFCI. FHT (Fast Hadamard Transform) can be employed as a computationally efficient method to perform the correlation.

Since the NodeB knows the TFCS size in use, it only needs to work on the metrics corresponding to the indices from 0 to TFCS_size-1, with no gaps in between these indices. This gives significant performance advantage over the case when no information about the actual size of TFCS is assumed (TFCS-size=1024) , especially when the actual TFCS size is small. The maximum search then operates on the metrics for the first TFCS_size indices out of the possible 1024 indices. 

3 E-DPCCH Processing Based on Current Rel.6 3GPP Standards
In current Rel.6 3GPP standards (TS25.212, version 6.4.0, 30 March 2005), the 10-bit E-DPCCH field contains information from 3 sources, the RSN (retransmission sequence number), the TFI (transport format indicator) and the happy bit (H-bit). RSN is given by 2 bits, TFI is given by 7 bits and the happy bit is a single bit. The mapping is shown in Figure 2, with the processing at the UE and the NodeB.
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Figure 2: Block diagram of the E-DPCCH processing for E-DCH

At the UE transmitter, mapping the RSN to bits x1 and x2, the TFI to bits x3...x9 and the H bit to x10 generates the 10 bits E-DPCCH word. The subsequent Reed-Muller encoding is the same as the encoding of TFCI for DPCCH. 

At the NodeB receiver, soft symbols, s0, s1, …s31, corresponding to the coded E-DPCCH bits, z0, z1, ...z31 at the UE, are obtained. These soft symbols are correlated with all possible E-DPCCH code words (which are 1024 in total), to produce the metrics for each possible code word. FHT (Fast Hadamard Transform) can be employed as a computationally efficient method to perform the correlation. Since the NodeB can exploit prior knowledge about the maximum RSN and the TFS size in use, it only needs to work on the metrics corresponding to valid E-DPCCH words. However, the valid E-DPCCH corresponds not to a single range of indices but it corresponds to a few disjoint index regions. Hence, the maximum search over metrics with valid E-DPCCH indices (which is shown in Figure 2 by the block marked in red) becomes more involved. A couple of examples are given in the following to illustrate this:


First Example:

Maximum RSN is 1, TFI has values from 0...2. The valid index regions are 0, 2, 128, 130, 256, 258, 384, 386, 512, 514, 640, 642, 768, 770, 896, 898, which are single values, not ranges of values 

Second Example:

Maximum RSN is 3, TFI has values from 0...2. The valid indices are therefore 0...3, 128...131, 256...259, 384...387, 512...515, 640...643, 768...771, and 896...899. Now the search for the maximum has to be done over 8 disjoint index regions.

4 Proposed Bit Mapping for E-DPCCH
The issue identified above comes from the fact that the 3 different sources of information (RSN, TFI and H bit) are mapped separately into the E-DPCCH bit field. This can be avoided if we adopt the following mapping:

10-bit E-DPCCH in decimal = (H-bit) + 2 * RSN + 2 * (MAX_RSN+1) * TFI                  Eq. (1)

In the above equation, H-bit has the value of 0 or 1, RSN can take any values from one the following sets {0}, {0,1}, {0,1,2}, and {0,1,2,3}. MAX_RSN+1 is the size of the set of possible RSN values. TFI is the transport format index in decimal. The maximum value of the E-DPCCH word is therefore: 

MAX_E-DPCCH_index=1+2*MAX_RSN+2*(MAX_RSN+1)*MAX_TFI                       Eq. (2)

where MAX_TFI is the maximum TFI (in decimal) currently in use. 

The E-DPCCH processing based on the new bit mapping is shown in Figure 3.
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Figure 3: Block diagram of the E-DPCCH processing for E-DCH with the new E-DPCCH bit mapping

Compared with Figure 1, a complete reuse of the legacy TFCI decoder at NodeB is achieved.

If we want to avoid the computation of Eq. (1), an alternative to Eq. (1) is the direct mapping from RSN, TFI and H-bit to the E-DPCCH bit field, similar to what is currently defined in 3GPP TS25.212, but in a different order:

x10 = xtfci,1


x9 = xtfci,2


x8 = xtfci,3


x7 = xtfci,4


x6 = xtfci,5


x5 = xtfci,6


x4 = xtfci,7


x3 = xrsn,1


x2 = xrsn,2


x1 = xh,1


In this case, if we have max_RSN=3, the mapping is equivalent to Equation (1).
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