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1 Introduction 
In the RAN1 #61bis meeting, the following was agreed [1].
Agreement (for both FDD and TDD):
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM

In this contribution, we discuss the details of the DFT-S-OFDM based A/N transmission. 
2 Slot structure  
Basic slot structures for the DFT-S-OFDM based A/N transmission are shown in Fig. 1. For normal CP, the two-RS-per-slot structure with two RS blocks located at the same position as in PUCCH format 2 gives the best trade-off between the multiplexing capability and performance [2]. For extended CP, the one-RS-per-slot structure with the RS block in the third OFDM symbol is preferable, which, compared with the RS in the second OFDM symbol as in PUCCH format 2, gives better channel estimation with more balanced data block distribution around the RS in the shortened format where the last block is not transmitted. 
The cyclic shifted computer-generated length-12 CAZAC sequences, introduced in LTE Rel-8/9, can be reused for CDM multiplexing in the RS blocks. 

For data blocks, the length-5 DFT sequences can be used as orthogonal cover (OC) for the time-domain spreading, resulting in maximum multiplexing capability of 5 per RB for both normal and extended CP. For the second slot in the shortened format, the length-4 DFT or Walsh sequences can be used, resulting in multiplexing capability of 4.
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Figure 1 Slot structure for DFT-S-OFDM based A/N transmission
3 Interference randomization 

Similar mechanisms used in Rel-8/9 can be applied to the DFT-S-OFDM based A/N transmission for intra- and inter cell interference randomization.
For RS blocks, the symbol-level cell-specific cyclic shift (CS) hopping and slot-level CS and OC remapping as defined in Rel-8/9 can be reused for intra-cell/inter-cell interference randomization.
For data blocks, we propose to use slot-level OC remapping for intra-cell interference randomization and cell-specific scrambling of the OCs for inter-cell interference randomization. 
Slot-level OC remapping:
An example of OC remapping assuming length-5 DFT sequences for UE multiplexing is shown in Table 1.

The length-5 DFT sequence with sequence index i can be written as below.
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The basic idea is to spread interference over UEs using the following property that on average the UEs allocated with neighboring sequence indices i and j with |i- j| mod 5 = 1 give more interference to each other than the UEs assigned with not-neighboring sequence indices i and j with |i- j| mod 5 = 2 do to each other.
Table 1  Example of slot-level OC remapping
	
	First slot OC index 
	Second slot OC index

	UE0
	0
	0

	UE1
	1
	2

	UE2
	2
	4

	UE3
	3
	1

	UE4
	4
	3


Cell-specific OC scrambling:
Denoting the OC sequence by [OCi(0), OCi(1), OCi(2), OCi(3), OCi(4)] and the scrambling sequence by [S(0), S(1), S(2), S(3), S(4)], where 
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, the UE multiplies the OC with the scrambling sequence as shown in Fig. 2. The same scrambling sequence needs to be assigned for the UEs that are multiplexed together in the same RBs in the same cell to maintain intra-cell orthogonality, and different scrambling sequences between neighboring cells to obtain inter-cell interference randomization.
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Figure 2 Cell-specific scrambling of the orthogonal cover
4 Conclusion
In conclusion, we have discussed the DFT-S-OFDM based A/N transmission and propose the followings.
Proposal 1: For normal CP, the two-RS-per-slot structure with the two RS blocks located at the same positions as in PUCCH format 2 is used.
Proposal 2: For extended CP, the one-RS-per-slot structure with the RS block in the third OFDM symbol is used.
Proposal 3: For RS blocks, the symbol-level cell-specific CS hopping and slot-level CS and OC remapping as defined in Rel-8/9 is reused for intra-cell and inter-cell interference randomization.
Proposal 4: For data blocks, the slot-level OC remapping and cell-specific scrambling of the OCs are used for intra-cell and inter-cell interference randomization, respectively. 
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