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1 Introduction

In RAN1#51 meeting, slot-based Cyclic Shift and Orthogonal Cover re-mapping for PUCCH was agreed. In this contribution, the exact slot-based CS/OC re-mapping pattern is proposed.
2 Proposed Remapping Pattern
For PUCCH RBs that contains ACK/NACK channels only:

Perform the ACK/NACK resource index [2] remapping based on the pattern
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 that is shown in table 1, where P(j) is the original (1st slot) ACK/NACK resource index of  the ACK/NACK channel which assigned the j-th ACK/NACK resource index in the 2nd slot.
The permutation function P is defined in Table 1.
Table 1 Inter-column permutation pattern for sub-block interleaver

	Number of resources for allocating ACK/NACK channels per RB 
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	Re-mapping pattern
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	18
	< 6, 8, 10, 7, 11, 9, 3, 0, 2, 4, 1, 5, 14, 16, 13, 17, 15, 12 >

	12
	< 6, 8, 10, 7, 11, 9, 3, 0, 2, 4, 1, 5 >

	8
	< 0, 7, 1, 4, 2, 5, 3, 6 >


For PUCCH RBs that contains CQI channels only:

The CS index remapping pattern
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 is derived from:
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, where P(j) is the original (1st slot) CS index of  the CQI channel which assigned the j-th CS index in the 2nd slot.
For PUCCH RBs that contains both ACK/NACK channels and CQI channels:

The same CS remapping rules as the CQI-only RB can be applied [3]. Then, the orthogonal cover hopping should be applied for ACK/NACK channels by swapping the 1st column and the 3rd column (for normal CP cases) or swapping the 1st column and the 2nd column (for extended CP cases).
For PUCCH RBs that contains SR:
As the scheduling requests have the same structure as ACK/NACK, the hopping and remapping patterns should the same as those of the ACK/NACK channels [3].
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4 Appendix
On designing the slot-based CS/OC hopping, the main concern is to avoid a channel suffering strong interferences from another channel in both slots. We considered two kinds of dominating intra-cell interference which comes from: 1) the channels with the same OC code and with neighbouring cyclic shift; 2) the channels with the OC codes which the orthogonality will be distorted in high speed and with the adjacent cyclic shifts. Detailed analyse can be seen in [1].

Figure 1 ~ Figure 4 shows the example for the normal CP and extended CP with 18, 12, 12, 8 ACK/NACK channels per RB, respectively. Figure 5 shows an example for PUCCH RBs that contains both ACK/NACK channels and CQI channels. 
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Figure 1:
An example for normal CP, 18 ACK/NACK channels
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Figure 2:
An example for normal CP, 12 ACK/NACK channels
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Figure 3:
An example for extended CP, 12 ACK/NACK channels
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Figure 4:
An example for extended CP, 8 ACK/NACK channels
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Figure 5:
An example for PUCCH RBs that contains both ACK/NACK channels and CQI channels
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