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Discussion and decision
1. Introduction
At the RAN1#80 meeting, the WI of LTE carrier aggregation enhancements beyond 5 CCs was discussed. Some observations about PUCCH format has been achieved as the following [1]:

· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· Details FFS including but not limited to

· Supported payload size(s)

· Channel coding

· Detailed structure of the new format

In this contribution, we provide some views on the payload sizes of PUCCH format enhancement to enable LTE CA of up to 32 CCs. 
2. Discussion
In Rel-10 CA, PUCCH format 3 has the largest payload capacity to support 5 CCs aggregation. The maximum payload size carried by PUCCH format 3 is 21 bits. And the supported payload size of ACK/NACK is 10bits for FDD system. For 32 CCs CA in Rel-13, the payload size of 21 bits is not enough especially for the UEs not applied UL CA. In the following discussion, we analyze the ACK/NACK payload size of FDD system considering one/ dual PUCCH(s) transmission and different number of aggregated CCs.
1) One PUCCH transmission
For the UEs not support UL CA or PUCCHs not simultaneously transmitting, the ACK/NACK payload for the PUCCH new format should be 64 bits to support 32 CCs in one UL subframe. If MIMO transmission is not configured, the payload would be 32 bits. The 64 bits of payload require the new PUCCH format and 32 bits may be supported by PUCCH format 3 while the code rate is impacted.
Observation 1: For one PUCCH transmission, new PUCCH format is needed to support 64 bits payload size for ACK/NACK.
2) Dual PUCCHs transmission
If the UEs support UL CA, dual PUCCHs could be simultaneously transmitted for two PUCCH cell groups. Some typical cases for carrier aggregation beyond 10 CCs are listed in Table 1. 
Table 1. The payload sizes of ACK/NACK and related PUCCH formats of typical cases

 for CA up to 32 CCs 
	The number of total aggregated CCs
	The number of CCs in PUCCH cell groups
	The payload sizes of  ACK/NACK (MIMO transmission)
	PUCCH formats for dual PUCCHs

	10
	5
	5
	10
	10
	Format 3
	Format 3

	15
	5
	10
	10
	20
	Format 3
	New format A

	20
	10
	10
	20
	20
	New format A
	New format A

	32
	16
	16
	32
	32
	New format B
	New format B


* NOTE: In Table. 1, no enhanced techniques apply to PUCCH format multiplexing 
For the case of 5~10 CCs CA, the legacy PUCCH formats can still be applied. For the case of 10~20 CCs CA, the maximum payload size of ACK/NACK is 20 bits and a new PUCCH format may be needed as format A in the table. For 20~32 CCs CA, the maximum payload size will be 32 bits only considering ACK/NACK bits. 20 bits is ~x2 of Rel-10 ACK/NACK bits and 32 bits is ~ x3.2 of Rel-10. Introduction only the larger payload size (32 bits as here) is the direct and simple solution to increase PUCCH capacity. However, the PUCCH overhead will be considerably high compared to Rel-10. One option is introducing two new PUCCH formats for dual PUCCHs transmission case compromising between the PUCCH overhead and specification efforts. 
Observation 2: If no enhanced techniques are applied to PUCCH format design (spatial bundling or cell bundling), for dual PUCCHs transmission, at least two new PUCCH formats are needed, e.g. 20 bits ACK/NACK payload size for 10 CCs and 32 bits for 16 CCs.
Considering both cases of one and dual PUCCHs simultaneously transmitting, from the above discussion, three different payload sizes are presented for ACK/NACK as 20 bits, 32 bits and 64 bits separately for FDD system. It is reasonable to introduction at least two new PUCCH formats. Introduction multiple new PUCCH formats with different payload sizes can resolve the PUCCH overhead issue especially for more than 10 CCs aggregation. 
Proposal 1: At least two new PUCCH formats should be supported for Rel-13 CA.

Some enhancements to multiplex ACK/NACK bits could be further investigated to reduce the payload size. The PUCCH performance should be evaluated and guaranteed for these enhancements. Partial bundling on spatial or cell could be potential option for enhancements.
Proposal 2: Some enhancements to multiplex ACK/NACK bits could be further investigated to reduce the payload size. 
3. Conclusion

In this contribution, we discuss the payload size for PUCCH enhancements to support up to 32 CCs. The following proposals and observations can be summarized: 

Observation 1: For one PUCCH transmission, new PUCCH format is needed to support 64 bits payload size for ACK/NACK.
Observation 2: If no enhanced techniques are applied to PUCCH format design (spatial bundling or cell bundling), for dual PUCCHs transmission, at least two new PUCCH formats are needed, e.g. 20 bits ACK/NACK payload size for 10 CCs and 32 bits for 16 CCs.
Proposal 1: At least two new PUCCH formats should be supported for Rel-13 CA.

Proposal 2: Some enhancements to multiplex ACK/NACK bits could be further investigated to reduce the payload size. 
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