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1
Introduction

Many details of the new DFT-S OFDM PUCCH format had been decided. In this contribution, we discuss the remaining open issues, including the remapping of DM-RS cyclic shift. 
2
Discussion

2.1
DM-RS cyclic shift allocation for PUCCH Format 3
In [1], the DM-RS allocation for PUCCH format 3 is not fully defined. The resource index to cyclic shift index was already agreed at the last meeting.  

In addition, we propose a remapping across the DM-RS symbols to move closely spaced cyclic shifts in the first symbol to larger cyclic shift distance and/or reversed relative positions. 
Normal CP

For the normal CP, non-shortened PUCCH format 3 (i.e. no SRS), the cyclic shift values are given in Table 1.  
Table 1  Cyclic shift values used in normal (no SRS) PUCCH format 3 in normal CP
	noc
	Cyclic shift
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	0
	0
	0

	1
	3
	8

	2
	6
	3

	3
	8
	10

	4
	10
	6


For the normal CP, shortened PUCCH format 3, the cyclic shift values are given in Table 2. 
Table 2  Cyclic shift values used in shortened PUCCH format 3 in normal CP
	noc
	Cyclic shift

	
	First DM-RS symbol with
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	0
	0
	0

	1
	3
	9

	2
	6
	6

	3
	9
	3


Note that for NCP, the relative cyclic shift (between a given pair of resource indices) hops between the first DM-RS symbol and the second DM-RS symbol within the slot.  The relative cyclic shift is the same between the first slot and the second slot in the non-shortened format. 

Extended CP

For the extended CP, use the same mapping as for normal CP with keeping the first DM-RS of the first slot in the first slot and moving the second DM-RS of the first slot in the second slot. 
The proposed cyclic shift can be implemented as shown in the text proposal for [1] below. 

-------  START OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

5.5.2.2.1 Reference signal sequence
[…]

For PUCCH formats 2, 2a and 2b, 
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is defined by Section 5.4.2.  
For PUCCH format 3, 
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for normal CP and
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for extended CP. 
Table 5.5.2.2.1-0: Mapping cyclic shift index 
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	0
	0
	0

	1
	3
	3

	2
	6
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	3
	8
	9

	4
	10
	N/A


The number of reference symbols per slot 
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 are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively. 
-------  END OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

3
Conclusions

This contribution discusses the remaining details of PUCCH format 3 definitions. 
We proposed implementation for the cyclic shift remapping for DM-RS, which maximizes distance between closest cyclic shifts and/or reverse relative position of adjacent cyclic shifts.
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