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1 Introduction

In last RAN1#53bis meeting in Warsaw, on CCE to ACK/NACK PUCCH index mapping, block-interleaved mapping scheme was agreed, and further it was agreed that ACK/NACK compression is done on the ACK/NACK PUCCH for each subframe independently [1]. A remaining issue is the detailed solution of ACK/NACK PUCCH resource reduction. 

2 Cyclic offset in repeated mapping

When the maximum number of CCE is larger than the number of ACK/NACK allocated for a subframe, ACK/NACK compression is needed. One basic method is to map CCE to ACK/NACK repeatedly. However, in this scheme, multiple PDCCH with 2 CCE, 4 CCE or 8 CCE may be mapped to the same ACK/NACK, hence results in the restriction of eNodeB scheduler. Hence it is proposed to add a cyclic shift in case ACK/NACK repetition [2]. As shown in Figure 1(a, b and c), the cyclic shit solves problem of PDCCH with 2 CCE, 4CCE or 8 CCEs respectively.


[image: image1.emf]1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0

19 20 21 18

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0

ACK/NACK index

CCE index

23 24 25 22 27 16 17 26

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0

19 20 21 18

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0

ACK/NACK index

CCE index

23 24 25 22 27 16 17 26

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0

19 20 21 18

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0

ACK/NACK index

CCE index

23 24 25 22 27 16 17 26

(a) 2-CCE aggregation level

(b) 4-CCE aggregation level

(c) 8-CCE aggregation level

Offset here

Offset here

Offset here


Figure 1: cyclic shift in repeated mapping

Denote the number of ACK/NACK allocated to a DL subframe as 
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, which are indexed from 0 to 
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, the cyclic shift repeated mapping method can be realized by formula [2]:
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Where, 
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 is the index of a CCE, 
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 is the mapped ACK/NACK index for CCE index 
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3 Use in block-interleaved mapping

Actually, the formula in [2] is not a final expression, since it is only on the mapping of CCE to ACK/NACK for one subframe. Now, RAN1 agreed on block-interleaved mapping, hence the formula should be adapted based on this latest agreed block-interleaved mapping method. 

In the basic scheme of block-interleaved mapping, a set of boundary value 
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 is defined. This aims to divide the CCE of a subframe into 3 blocks, and ACK/NACK resource allocated to the subframe is divided into 3 blocks correspondingly. Then when ACK/NACK compression is enabled, it is proposed that the size of ACK/NACK blocks is kept unchanged, except for the last A/N block(s). Denotes the number of ACK/NACK allocated to a DL subframe as 
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, so the new set of boundary value are 
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. Then CCE to ACK/NACK mapping will be implemented using below procedure:

1) For a CCE index 
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 in subframe index m, determine a new CCE index 
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 by adopting cyclic shift in case of repetition, i.e. 
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2) Selects a 
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value out of {0, 1, 2} which satisfies 
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3) The mapped ACK/NACK PUCCH index for CCE index 
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Where, 
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 is configured by higher layers, M is the number of subframe in the bundling window, m is the subframe index . 

The above procedure is exactly the same as basic block-interleaved mapping when 
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 is large enough that no ACK/NACK compression is needed. And when ACK/NACK compression is enabled, the above procedure tries to use all available ACK/NACK resource to alleviate the restriction to eNodeB scheduler. 
4 Conclusion

Based on the above discussions, it is proposed to agree on the procedure in section 3 for ACK/NACK resource compression in TDD. 
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