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1 Introduction

RAN #34 has approved a work item on Higher Order Modulation for HSUPA [1]. The interleaving for E-DCH was proposed in [2].  In this contribution, problems of the channel interleaver with 16QAM modulation for HSUPA are discussed, and a simple modification to the interleaver is proposed.
2 Discussion of the interleaver for E-DCH
The interleaver structure for E-DCH is shown in figure 1 as [2]. The basic interleaver is as the 2nd interleaver described in TS 25.212 Section 4.2.11. 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 1: Interleaver Structure for E-DCH  

For example , for 4PAM, if a bit sequence with index 1,2,…60 is  inputted to the interleaver, then the bits with index {1 3 5 7  9 11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59} go to the first interleaver and the bits with index { 2 4  6 8 10 12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46 48
50
52
54 56
58
60} go to the second interleaver. After interleaving, the bits with index {1
2
41
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27
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 37 38
57
58
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43
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55
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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 above interleaving approach. Thus, there is no interleaving gain between bit  up,k and  bit up,k+1 . 
3 Propose
As the same interleaving principle and the same inter-column permutation pattern  in TS 25.212 section 4.2.11 table 7 are applied to the first interleaver and the second interleaver,the contiguous bits up,k and  bit up,k+1  are not  interleaved separately  for 4PAM. Thus, in case of 4PAM transmission, there is not interleaving gain between the  two bits of one constellation point.
We propose a modification to the interleaver for E-DCH .For 4PAM, different inter-column permutation pattern may be applied to the first interleaver and the second interleaver. For example, the inter-column permutation pattern of table 1 is applied to the first interleaver, and a different inter-column permutation pattern is applied to the second interleaver. To be simple, the inter-column permutation pattern for the second interleaver can be the reverse permutation pattern or other transform of the inter-column permutation pattern in  TS 25.212 section 4.2.11 table 7.
4 Conclusion 
In this contribution a modification to the interleaver of E-DCH has been discussed. And an approach of different inte-column permutation pattern for the first interleaver and the second one was proposed for interleaver of E-DCH in case of 4PAM.
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