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1. Introduction

In RAN1 #61bis meeting, the following was agreed as A/N multiplexing schemes for 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
This contribution discusses remaining details on DFT-S-OFDM format for CA PUCCH.
2. Discussions
2.1 OCC length on data symbols (number of RS symbols) 
There might be two alternatives for OCC (Orthogonal Code Covering) length on data parts; SF=5 and SF=4. In [2], it was shown that their A/N performances are similar to each other. On the other hands, as shown in Table 1, the multiplexing capacity of SF=5 is better than that of SF=4. Also, the A/N performance of SF=5 was verified in last RAN1 61bis meeting by several companies, in which the number of RS symbols and their positions are same as PUCCH format 2.
Table 1 Comparison of SF=5 and SF=4 (normal CP case)
	
	Multiplexing capacity
	Usable orthogonal code
	Number of RS symbols in a slot

(normal CP)
	Co-existence with format 1/1a/1b in the same PRB

	SF=5
	5
	DFT code
	2
	No

	SF=4
	4
	DFT code or Walsh code
	3
	Yes
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Figure 1 DFT-S-OFDM format with SF=5 (normal CP case)
On the other hands, there has been no study in extended CP case. For example, we may have two options; one RS symbols in a slot like Rel-8/9 PUCCH format 2 or two RS symbols in a slot. The details for extended CP case should be further studied.

Proposal 1: The CA PUCCH structure with SF=5 is proposed for DFT-S-OFDM format. The number of RS symbols and their positions are same as PUCCH format 2 in Rel-8/9 for normal CP. FFS for extended CP.
2.2 Channel coding 

The simulation assumption in [1] was used to compare the A/N detection performances for several multiplexing schemes. In there, (32,O) PUSCH RM coding with circular buffer rate matching was used as channel coding for DFT-S-OFDM format. Since this RM functionality is already employed, this RM coding is directly reusable. The performance was also verified by several companies in RAN1 61 bis meeting.
On the other hands, in some scenarios like TDD, the A/N bits more than 11 bits may be necessary. In this case, Rel-8/9 TBCC can be directly applied.
Proposal 2: Channel coding for DFT-S-OFDM format is proposed as follows;

· For <=11 A/N bits, (32,O) PUSCH RM coding with circular buffer rate matching is applied.

· For >11 A/N bits, TBCC with circular buffer rate matching in Rel-8/9 is applied.
2.3 OCC on RS symbols
The cyclic shift distance 
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can be kept as in Rel-8/9 to make robust for channel delay spread. In Rel-8/9, there are three values of 
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; 1, 2, 3. The multiplexing capacities for those values are determined as 12, 6, and 4, respectively. Assuming SF=5 on data symbols, the multiplexing capacities at RS symbols with 
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are more than 5. In case of 
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, the multiplexing capacity at RS symbols becomes 4, which determines the overall multiplexing capacity.
To solve this, we provide two solutions;

· Option 1: OCC on top of RS symbols is not introduced.

· In case of 
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, the overall multiplexing capacity is 4. In other cases of 
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, the multiplexing capacity becomes 5. The only definition about resource allocation is necessary in specification point of view.
· Option 2: OCC on RS symbols in a slot is applied only in normal CP case. 
· Even in case of 
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, the overall multiplexing capacity can be kept as 5 since the multiplexing capacity on RS symbols becomes double. In case of extended CP, the multiplexing capacity becomes 4 since there is only one RS symbol in a slot.
Proposal 3: Regarding overall multiplexing capacity in case of 
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 and normal CP, it should be further discussed whether the multiplexing capacity is reduced to 4 or OCC on RS symbols is introduced.
2.4 Aspect on inter-cell interference randomization
In general, the PUCCH is likely to be interference limited environment since the PUCCH is likely to be located in band-edge in every cell. Therefore, inter-cell interference randomization could be an important function to be deployed. The following functions are included in Rel-8/9 considering intra/inter-cell interference randomization;
· UE/Cell-specific scrambling after channel coding (PUCCH format 2)
· Cell-specific SC-FDMA symbol level CS hopping (PUCCH format 1/1a/1b/2)

· Cell-specific OCC remapping across the slots (PUCCH format 1/1a/1b)
· A/N bit scrambled by 1 or exp(j*pi/2) to reduce inter-code interference (format 1/1a/1b)
 For DFT-S-OFDM format, the above principles can be applied for inter-cell interference randomization in a similar manner. However, due to lack of circular shift hopping pattern in data symbols, the further cell-specific scrambling may be needed in SC-FDMA symbol domain. In summary, the following all functions should be applied on DFT-S-OFDM format;
· UE/Cell-specific scrambling after channel coding
· This can be done in same way as Rel-8/9 defined.

· Cell-specific OCC remapping across slots (also supported in Rel-8/9)
· This can be done in same way as Rel-8/9 defined.

· Cell-specific scrambling on top of OCC
· Rel-8/9 circular shift hopping pattern on data symbols can be applied. Rel-8/9 functions can be reused.
· Or the scrambling code can be applied at data symbol on top of OCC. For example, assuming OCC is [w0 w1 w2 w3 w4], cell-specific scrambling c(n) can b applied as [c(0)w0 c(1)w1 c(2)w2 c(3)w3 c(4)w4].
Proposal 4: For inter-cell interference randomization, the following all functions are introduced for DFT-S-OFDM format;

· UE/Cell-specific scrambling after channel coding

· Cell-specific OCC remapping across slots

· Cell-specific scrambling on top of OCC

3. Conclusions
In conclusion, we summarize our views on remaining details on DFT-S-OFDM format as follows;
· Proposal 1: The CA PUCCH structure with SF=5 is proposed for DFT-S-OFDM format. The number of RS symbols and their positions are same as PUCCH format 2 in Rel-8/9 for normal CP. FFS for extended CP.
· Proposal 2: Channel coding for DFT-S-OFDM format is proposed as follows;

· For <=11 A/N bits, (32,O) PUSCH RM coding with circular buffer rate matching is applied.

· For >11 A/N bits, TBCC with circular buffer rate matching in Rel-8/9 is applied.
· Proposal 3: Regarding overall multiplexing capacity in case of 
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 and normal CP, it should be further discussed whether the multiplexing capacity is reduced to 4 or OCC on RS symbols is introduced.
· Proposal 4: For inter-cell interference randomization, the following all functions are introduced for DFT-S-OFDM format;

· UE/Cell-specific scrambling after channel coding

· Cell-specific OCC remapping across slots

· Cell-specific scrambling on top of OCC
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