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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 aspects including the following:
1. Mapping of resource index to DM-RS cyclic shift

2. Mapping of resource index to OCC index

3. Need for data OCC index remapping
Note that in [7], a related topic of improved inter-cell PUCCH interference randomization is discussed.
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.  We propose a simple mapping that maximizes the cyclic shift separation and 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
	Resource index
	Cyclic shift

	
	First DM-RS symbol with
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	Second DM-RS symbol with 
[image: image2.wmf]5

PUCCH

SF

=

N



	0
	0
	0

	1
	3
	8

	2
	5
	3

	3
	8
	10

	4
	10
	5


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
	Resource index
	Cyclic shift

	
	First DM-RS symbol with
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	Second DM-RS symbol with 
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	0
	0
	0

	1
	3
	9

	2
	6
	6

	3
	9
	3

	4
	0
	0


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, non-shortened PUCCH format 3 (i.e. no SRS), the cyclic shift values are given in Table 3. 

Table 3  Cyclic shift values used in normal (no SRS) PUCCH format 3 in extended CP
	Resource index
	Cyclic shift

	
	First slot with
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	5


For the extended CP, shortened PUCCH format 3, the cyclic shift values are given in Table 4. 

Table 4  Cyclic shift values used in shortened PUCCH format 3 in extended CP
	Resource index
	Cyclic shift

	
	First slot with
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Note that in a slot with 
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, the cyclic shift separation between adjacent resources is 2 or 3.  In a slot with
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, the minimum cyclic shift separation is 3. 

In shortened PUCCH format, either resource index 0 or 4 can be used but not both. By allowing either resource index to be used, we maximize the scheduler flexibility to allocate shortened PUCCH format 3 dynamically. 
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
The PUCCH demodulation reference signal sequence 
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For PUCCH formats 2a and 2b, 
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The sequence 
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is given by Section 5.5.1 with 
[image: image21.wmf]12

RS

sc

=

M

 where the expression for the cyclic shift 
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For PUCCH formats 1, 1a and 1b, 
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where
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 are defined by Section 5.4.1. The number of reference symbols per slot 
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For PUCCH formats 2, 2a and 2b, 
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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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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  -----------------------------------------------------------------

2.2
OCC mapping for data
The mapping of PUCCH format 3 resource index to OCC index has not been defined yet in [1].  

We propose a straightforward mapping where the resource index is mapped according to the available resources in the first slot.  
In addition, we propose to adopt an OCC remapping between the two slots of a given subframe. This enhances performance in high Doppler scenarios. When the OCC are DFT basis functions in the natural order then the adjacent OCC functions are the most susceptible to cross-user interference.  Therefore the remapping should move OCC functions that are adjacent to non-adjacent OCC functions. This can be achieved with decimation by two of the resource indices. 
In the case of SF4, the remapping that reduces cross-user interference in high Doppler, avoids assigning pairs of Walsh codes to adjacent resources that have an element-wise cross-product of {+ + – –} or {– – + +}.  In order to achieve this, we inter-changed the last two Hadamard SF4 OCC entries in Table 5.4.2A-1 in [1].

The proposed data OCC mapping can be implemented as shown in the text proposal for [1] below.  
-------  START OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

5.4.2A
PUCCH format 3

The block of bits 
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where the scrambling sequence 
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 at the start of each subframe where 
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The block of scrambled bits 
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The complex-valued symbols 
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holds for the first and second slot, respectively, in a subframe using shortened PUCCH format 3. The orthogonal sequences 
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Each set of complex-valued symbols shall be cyclically shifted according to
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The shifted sets of complex-valued symbols shall be transform precoded according to
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resulting in a block of complex-valued symbols 
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Table 5.4.2A-1: The orthogonal sequence 
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3
Conclusions

This contribution discusses the remaining details of PUCCH format 3 definitions. 
We proposed implementations for the following: 

· Cyclic shift allocation for DM-RS

i. Maximize distance between closest cyclic shifts and/or reverse relative position of adjacent cyclic shifts
· Data OCC index remapping

i. Apply OCC remapping across slots to improve interference suppression in large power imbalance cases in high Doppler scenarios
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