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1
Introduction
In [1], cyclic shifts (CS) in odd slots for PUCCH formats 2/2a/2b are remapped from those in even slots for improved intra-cell interference randomization. However, the current re-mapping scheme is only to reverse the CS order, which provides no diversity gain.
In this contribution, we provide an alternative resource re-mapping scheme for PUCCH formats 2/2a/2b.
2
Discussion 
2.1
 Current Specification
In Section 5.4.2 of [1], it is specified that for PUCCH formats 2/2a/2b, in odd slots, the CSs are derived by: 
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Obviously , the re-mapping scheme in (1) is just to reverse the CS order. Two adjacent CSs in even slots remain adjacent in odd slots. In order words, no diversity gain is obtained from the above resource re-mapping scheme. Such an issue was also identified in [2]. 
2.1
 Proposed Re-mapping Scheme
An alternative resource re-mapping scheme was presented in [2], which provides the benefit of mapping adjacent CS in even slots to non-adjacent CS in odd slots. However, the mapping scheme in [2] has the following undesirable property: if two CSs are spaced by 2 in even slots, they are also still spaced by 2 after re-mapping in odd slots. Herein, we provide another re-mapping scheme, which addresses the need for both adjacent CSs and alternate CSs simultaneously.
Recall that for formats 1/1a/1b, cyclic shift hopping for normal CP (with 
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for ns mod 2 =1. Using (2) for formats 2/2a/2b, we have the resource re-mapping shown in Table 1.

Table 1. Cyclic shift re-mapping for PUCCH CQI-only RBs.
	CS in even slots 
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	CS in odd slots 
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	0
	2

	1
	5

	2
	8

	3
	11

	4
	1

	5
	4

	6
	7

	7
	10

	8
	0

	9
	3

	10
	6

	11
	9


As can be seen, adjacent CSs in even slots are spaced by 3 after resource re-mapping in odd slots, while CSs originally spaced by 2 in even slots are spaced by at least 4 after resource re-mapping in odd slots, e.g., {0, 2, 4, 6, 8, 10} are re-mapped to {2, 8, 1, 7, 0, 6}. 
3
Conclusion 

We propose to adopt the above resource remapping scheme for formats 2/2a/2b, which reuses the same remapping scheme for formats 1/1a/1b, in order to achieve improved intra-cell interference randomization. The corresponding CR is shown in the Appendix.
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Appendix: CR (36.211)

5.4.2
PUCCH formats 2, 2a and 2b

The block of bits 
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 shall be scrambled with a UE-specific scrambling sequence, resulting in a block of scrambled bits
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where the scrambling sequence 
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 is given by Section 7.2. The scrambling sequence generator shall be initialised with 
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 at the start of each subframe.

The block of scrambled bits 
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 shall be QPSK modulated as described in Section 7.1, resulting in a block of complex-valued modulation symbols
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Each complex-valued symbol 
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 shall be multiplied with a cyclically shifted length 
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where 
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 is defined by section 5.5.1 with
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Resources used for transmission of PUCCH formats 2/2a/2b are identified by a resource index 
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 from which the cyclic shift 
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 is determined according to
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For PUCCH formats 2a and 2b, supported for normal cyclic prefix only, the bit(s) 
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 shall be modulated as described in Table 5.4.2-1 resulting in a single modulation symbol 
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 used in the generation of the reference-signal for PUCCH format 2a and 2b as described in Section 5.5.2.2.1. 

Table 5.4.2-1: Modulation symbol 
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 for PUCCH formats 2a and 2b.

	PUCCH format
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