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1. Introduction
To support the introduction of 4PAM to E-DCH ‎[1], optimized channel interleaving schemes are needed.  One important design criteria for QAM channel interleavers is to avoid creating clusters of reliable/unreliable bits as discussed in ‎[2].  When cluster patterns such as one shown  in Figure 1 happen, performance of trellis-based codes such as the convolutional and the turbo codes is deteriorated as observed in ‎[2].
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Figure 1: Clusters of reliable/unreliable bits exhibited by undesirable channel interleaver designs [2].

Based on the principles presented in [2][3], a channel interleaving scheme based on dual identical interleavers is proposed for 4PAM E-DCH in [1], which is illustrated in Figure 2.  The bits entering to the interleaver are denoted by up,1, up,2, up,3, …, up,U, where p is the physical channel (PhCH) number and U=U(p) is the number of bits in one TTI for one PhCH.  The basic interleaver is as the 2nd interleaver described in Section 4.2.11 of [5]. However, for 4PAM, there are two identical interleavers of the same size R2×30, where R2 is the minimum integer fulfilling 
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The output bits from the physical channel segmentation are divided one by one between the interleavers: bit up,k goes to the first interleaver and bit up,k+1 goes to the second interleaver.  Bits are collected one by one from the interleavers: bit vp,k is obtained from the first interleaver and bit vp,k+1 is obtained from the second interleaver, where k mod 2=1.
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Figure 2: Baseline channel interleaver for 4PAM E-DCH.

This approach was evaluated in ‎[6] and it was found to perform well for high bit rates with few retransmissions. However, it was observed in [4] that the use of identical block interleavers in the two branches results in lack of interleaving among several pairs of bits and could potentially lead to performance problems.  This issue is discussed and a simple solution is proposed in this contribution.
2. A Potential Interleaving Issue
A potential problem with the channel interleaving scheme shown in Figure 2 was identified in ‎[4].  It was found that two adjacent bits remain adjacent to each other after channel interleaving.  For example, if a bit sequence with index 1, 2, …, 60 is inputted to the interleaver, then the odd-indexed bits go to the first interleaver and the even-indexed bits go to the second interleaver.  After interleaving, the bits with index {1 2 41 42 21 22 11 12 31 32 51 52 7 8 27 28 47 48 17 18 37 38 57 58 3 4 23 24 43 44 13 14 33 34 53 54 9 10 29 30 49 50 39 40 19 20 59 60 25 26 5 6 15 16 45 46 55 56 35 36} are obtained.  From above description, the contiguous bits with index {1,2}, {41,42}, {21,22}, …, {35,36} are still not interleaved separately according to the baseline interleaving approach.  Thus, there is no interleaving gain between bits up,k and up,k+1 where k mod 2=1. 

It is noted that the coded bit sequence entering the channel interleaver is normally of the following order: 
systematic, parity1, parity2, systematic, parity1, parity2, …

It is hence undesirable if many pairs of the systematic+parity1 type are not placed far apart by the channel interleaver.  Because interleaving internal to the turbo encoder, however, the lack of channel interleaving for pairs of the parity1+parity2 or parity2+systematic types should not be of concerns.

3. An Improved Channel Interleaving Scheme for 4PAM E-DCH
While the performance impact from the issue discussed above is unclear at this point, it is perhaps safe to draw on the lessons learned in the 16QAM HS-DSCH.  An improved channel interleaver for the 4PAM E-DCH is proposed in the following to align the bit reliability pattern and interleaving behavior with those achieved by the channel interleaver for the 16QAM HS-DSCH.  Based on the experience gained for the 16QAM HS-DSCH, more confidence in the performance of 4PAM E-DCH can be assured.
The overall dual-interleaver structure from the baseline design is kept but the writing and reading sequences are modified to avoid both the reliability clustering and the pairwise noninterleaving problems.  As illustrated in Figure 3, coded bits to be channel interleaved are divided two by two between the interleavers: bits up,k and up,k+1 go to the first interleaver and bits up,k+2 and up,k+3 go to the second interleaver.  Bits are collected one by one from the interleavers: bits vp,k and vp,k+2 are obtained from the first interleaver and bits vp,k+1 and vp,k+3 are obtained from the second interleaver, where k mod 4=1.
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Figure 3: Improved channel interleaver for 4PAM E-DCH.
A more complete example can better illustrate the details and advantages of the proposal.  For a 4PAM E-DCH with spreading factor (SF) 4, there are 3840 coded bits in one PhCH.  Each of the dual interleavers is of size 64×30.  The first 12 outputs are the following bits:


up,1, up,3, up,61, up,63, up,121, up,123, up,181, up,183, up,241, up,243, up,301, up,303, …

And the 1537th to the 1548th outputs are the following bits:


up,2, up,4, up,62, up,64, up,122, up,124, up,182, up,184, up,242, up,244, up,302, up,304, …

It can be seen from the above example that no two adjacent bits remain close to each other after channel interleaving.  Furthermore, reliable clustering among the bits is also avoided since bits up,k and up,k+1 are mapped to the reliable bits of the 4PAM symbols and bits up,k+2 and up,k+3 are mapped to the unreliable bits of the 4PAM symbols where k mod 4=1.  For example, the reliability levels of the first few bits are as illustrated in the following:

	up,1
	up,2
	up,3
	up,4
	up,5
	up,6
	up,7
	up,8
	…

	R
	R
	U
	U
	R
	R
	U
	U
	…


where “R” and “U” represent reliable and unreliable soft value levels, respectively.

It is noted this reliability pattern is identical to that observed in the coded bits for the 16QAM HS-DSCH.  For instance, it can be seen that the first 16QAM symbol in a HS-DSCH is mapped by bits up,1, up,61, up,3 and up,63 and the reliability pattern induced by the 16QAM modulation is such that bits up,1 and up,61 are of higher reliability level than the other two bits up,3 and up,63.  For the 4PAM E-DCH, we can observe that bits up,1 and up,3 are mapped to the first symbol and bits up,61 and up,63 are mapped to the second symbols, which places higher reliability on up,1 and up,61 and lower reliability on up,3 and up,63.  The matching reliability patterns for the rest of the bits can be deduced similarly.  It should be noted that the behaviors of the channel interleavers for the up and down links are aligned.
4. Conclusion
We propose to adopt the modified channel interleaver proposed in Section 3 for 4PAM E-DCH.
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