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1. Introduction
In this contribution, we discuss potential PUCCH formats for supporting Rel.13 CA with up to 32 CCs. HARQ-ACK transmission, CSI reporting, and UCI on PUSCH, are discussed in our companion paper [1]-[3].
2. Possible physical layer structure of a new PUCH format
Significantly wider UCI payload range per PUCCH resource needs to be supported in Rel.13 CA. It would be difficult to find a physical layer structure of PUCCH format optimal over any of the possible UCI payloads. Especially, there is a clear trade-off between the coding gain and the overhead. In order to achieve sufficiently lower coding rate even for the large number of UCI bits, the supportable payload per one PUCCH resource should be large, resulting in large overhead. On the other hand, enabling CDM among PUCCH resources from different UEs realizes efficient PUCCH overhead management, while it limits the number of supportable UCI bits of one PUCCH resource.
Possible approach is to define a new PUCCH format where the number of PRBs and/or spreading factor (SF) is configurable (Fig. 1). Network can determine the configurations of the PUCCH format depending on its preferable operation. 
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Fig. 1.  New PUCCH format with configurable number of PRBs and SF.

Figure 1 illustrates the case where 1 DMRS symbol is mapped per slot. It is also possible to adopt 2 DMRS/slot structure. Table 1 summarizes the maximum payloads per PUCCH resource with 1 and 2 DMRS/slot for given number of PRBs and SF. In this table, SF=2 for 2 DMRS/slot structure is assumed to be achieved by splitting a sequence of bits per slot into two sub-sequences, and one of them is mapped to 2 SC-FDMA symbols with multiplying length-2 block spreading code, and the other is mapped to 3 SC-FDMA symbols with multiplying length-3 block spreading code. Since the PUCCH multiplexing capacity per PRB is 2, this structure is called SF=2 here.

Table. 1  Maximum payloads per PUCCH for given number of PRBs and SF.
	Number of PRBs
	1 DMRS/slot
	2 DMRS/slot

	
	SF=1
	SF=2
	SF=3
	SF=1
	SF=2
	SF=5

	1
	288
	144
	96
	240
	96
	48

	2
	576
	288
	192
	480
	192
	96

	3
	864
	432
	288
	720
	288
	144


Figure 2 illustrates the coding rates of a PUCCH for a given number of DMRS/slot and a SF as a function of the number of UCI bits per PUCCH. 8-bit CRC is assumed and the number of PRB is fixed to 1.
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Fig. 2.  Coding rates for given number of DMRS/slot and a SF. 
In Figure 3, required SINR of a PUCCH for a given number of DMRS/slot and a SF as a function of the number of UCI bits per PUCCH. 8-bit CRC is assumed and the number of PRB is fixed to 1. Overall tendency of Fig. 3 is similar with that of Fig. 2. It can be observed from the case with SF=1 in Fig. 3 that the structure with 2 DMRS/slot is better than that with 1 DMRS/slot for the region of small UCI payload size, while opposite for the region of large UCI payload size. When the UCI payload is small, coding rate is sufficiently low regardless of the number of DMRS and hence its impact is not visible. Rather, in this lower SINR region, channel estimation accuracy highly impacts the performance. On the other hand, when the UCI payload is large, lower coding rate is important for better performance. Between 1 DMRS/slot with SF=3 and 2 DMRS/slot with SF=2, the coding rate is identical (see Fig. 2). Therefore, their required SINR curves in Fig. 3 are close each other. The difference between the two curves comes from the channel estimation accuracy, because of the different number of DMRS/slot.
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Fig. 3.  Required SINR for a given number of DMRS/slot and a SF.

Proposal 1:
· Support a new PUCCH format with configurable number of PRBs and/or SF.
· If 1 DMRS/slot is adopted, the possible number of PRBs could be 1~2, and the possible spreading factors could be 1~3.
· If 2 DMRS/slot is adopted, the possible number of PRBs could be 1~2, and the possible spreading factors could be 1, 2, and/or 5.

3. Possible PUCCH format(s) for Rel.13 CA configurations with less than 23 HARQ-ACK/SR bits
In RAN1#81bis, it was agreed that for more than 22 HARQ-ACK/SR bits, x-bit CRC (x=8 for evaluation purposes) is added and Rel.8 TBCC/rate matching are applied. However, it is still FFS how to support Rel.13 CA configurations with less than 23 HARQ-ACK/SR bits (e.g., more than 5 CCs but less than 23 HARQ-ACK/SR bits). In this section, PUCCH format(s) for Rel.13 CA configurations with less than 23 HARQ-ACK/SR bits is discussed. 
Legacy PUCCH format 3 with dual RM coding can support up to 22 HARQ-ACK/SR bits. This implies that even with the legacy PUCCH format 3, a larger number of CCs can still be aggregated in some cases by using the legacy mechanisms. The main benefit of supporting larger number of CCs by the legacy PUCCH format 3 is that the PUCCHs of Rel.10-12 CA UEs and those of Rel.13 CA UEs can be multiplexed on the same PRB pair. For example, in case of FDD PUCCH-Cell, by using legacy PUCCH format 3 with dual RM coding, up to 10 CCs within its PUCCH CG can be aggregated, and the PUCCH format 3 can still be multiplexed with the PUCCH format 3 of Rel.10-12 CA UEs. 
Table 3 summarizes supportable number of CCs if PUCCH format 3 is used for up to 22 HARQ-ACK/SR bits. Application of spatial bundling is assumed only for the case with TDD PUCCH-Cell.
Table 3.  Maximum supportable number of CCs by PUCCH format 3.

	PUCCH-Cell duplex (and its DL-ref. UL-DL config.)
	No. of supportable CCs

	
	Rel.10-12 CA
	Rel.13 CA

	FDD
	5
	10

	TDD (#0, w/o FDD-SCell)
	5
	10

	TDD (#1, w/o FDD-SCell)
	5
	10

	TDD (#2, w/o FDD-SCell)
	5
	5

	TDD (#3, w/o FDD-SCell)
	5
	7

	TDD (#4, w/o FDD-SCell)
	5
	5

	TDD (#5, w/o FDD-SCell)
	2
	2

	TDD (#6, w/o FDD-SCell)
	5
	10

	TDD (#0, w/ FDD-SCell)
	5
	10

	TDD (#1, w/ FDD-SCell)
	5
	7

	TDD (#2, w/ FDD-SCell)
	4
	4

	TDD (#3, w/ FDD-SCell)
	3
	3

	TDD (#4, w/ FDD-SCell)
	3
	3

	TDD (#5, w/ FDD-SCell)
	2
	2

	TDD (#6, w/ FDD-SCell)
	5
	7


On the other hand, the new PUCCH format using Rel.8 TBCC/rate matching would also be beneficial for less than 23 HARQ-ACK/SR bits in some cases. For example, the required SINR for the new PUCCH format could be lower than that for the PUCCH format 3 by configuring lower SF and/or larger number of PRBs. Once the new PUCCH format for more than 23 HARQ-ACK/SR bits is designed, additional specification impact for supporting less than 23 HARQ-ACK/SR bits would be marginal. As such, supporting both PUCCH format 3 and the new PUCCH format would be preferable for less than 23 HARQ-ACK/SR bits.
Proposal 2:

· For less than 23 HARQ-ACK/SR bits,

· Rel.13 CA configurations should be supported by the legacy PUCCH format 3.

· Rel.13 CA configurations should also be supported by the new PUCCH format.

4. Conclusion
In this contribution, we discussed PUCCH design aspects and reached following proposals.
Proposal 1:

· Support a new PUCCH format with configurable number of PRBs and/or SF.
· If 1 DMRS/slot is adopted, the possible number of PRBs could be 1~2, and the possible spreading factors could be 1~3.
· If 2 DMRS/slot is adopted, the possible number of PRBs could be 1~2, and the possible spreading factors could be 1, 2, and/or 5.

Proposal 2:

· For less than 23 HARQ-ACK/SR bits,

· Rel.13 CA configurations should be supported by the legacy PUCCH format 3.

· Rel.13 CA configurations should also be supported by the new PUCCH format.
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