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1 Introduction
In Rel-10/11, up to 5 carriers aggregation for FDD and TDD were specified. In Rel-12 joint operation of TDD and FDD is introduced. However, the maximum number of carriers is still five. In Rel-13 the aggregation of up to 32 carriers is proposed. For UL control channel enhancements the agreements are achieved as follows [1][2]:  

· RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.

· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell

· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported
· FFS: more than two PUCCH cell groups case
In this document, we share our views on HARQ-ACK feedback enhancements for Rel-13 CA.

2 PUCCH

For up to 32 carriers CA, more ACK/NACK bits for PDSCH should be fed back, which have more requirements on PUCCH payload capacity. Generally, considering 2 transmission blocks per subframe, the number of A/N bits is 64 for FDD and 256 for TDD respectively. For non-UL CA capable UEs, only PCell can carry PUCCH. Thus a single PUCCH carrying more A/N bits should be investigated. Moreover, the number of TDD A/N bits should be aligned to the one of FDD as much as possible to avoid the reduplicated design of the new PUCCH format. 

In Rel-10 PUCCH format based on DFT-S-OFDM with 2 DMRS in one slot is specified, in which 5 users can multiplex in one PRB corresponding to spreading factor with 5. The maximum PUCCH payloads are up to 48bit while 20 A/N bits are utilized with 1 additional SR bit followed by A/N information. Considering backward compatibility and specification effort PUCCH format 3 with 48 bits payload capacity should become a start point of study. 

Proposal1：PUCCH format 3 with 48 bits payload capacity should become a start point of study.

It is a typical scenario when FDD or TDD aggregating less than 32 carriers, PUCCH format 3 with 48 bits payload is sufficient for feedback. When UEs aggregate few carriers, PUCCH format 3 can be appropriate option for A/N coverage and multiplexing capacity. In this case some compression methods of A/N bits can be considered, such as in Rel-8/10.

Option 1: time bundling

This method is useful for TDD configuration, which can make the number of TDD A/N bits align to FDD by time bundling. It is an obvious disadvantage that unnecessary re-transmissions can decrease DL throughput.

Option 2: bundling across CC

In this method bundling of A/N bits is across multiple CCs which can reach to fewer A/N feedback bits. For this option, the A/N correlation of different cells can be lower, which leads the reduction of DL throughput. 

Option 3: Rel-10 PUCCH format 1b with CS bundling mechanism

This method is similar to TDD PUCCH 1b with channel selection for M=3 and M=4 case, which maps the consecutive ACKs to HARQ feedback states. Performance is better than above options. The drawback is that the some A/N states in subframe windows can not be distinguished.

Proposal2：HARQ-ACK bundling mechanism can be considered as a way to reduce the HARQ-ACK payload size.

Actually bundling operation can not fully differentiate A/N states in subframe windows, which leads performance loss. New PUCCH format supporting the larger payload capacity should be considered in Rel-13. PUCCH format 3 structure can be extended to support the larger payload via using different OCC. When spreading factor equals to 3 per slot, PUCCH payload capacity can be improved and the maximum 96 bits capacity can be achieved as shown in Fig.1. While OCC equals 2, maximum 144 bits capacity can be obtained, as depicted in Fig.2. For this larger payload the reliability of PUCCH is reduced especially in power-limited scenario and multiplexing capacity is restricted. 


[image: image1.emf]RS

Slot 0

Slot 1

RS

D3 D1 D2 D4 D5 D6

D7 D8 D9 D10 D11 D12

OCC1

OCC2


Fig.1 PUCCH format supporting 96bits A/N
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Fig.2 PUCCH format supporting 144bits A/N
Proposal 3: PUCCH format supporting 96bits A/N or 144 bits can be candidates for UL control channel enhancement.

Another direct method is to transmit two PUCCH format 3 on PCell for non-UL CA capacity UE, in which maximum payload can reach 96 bits. Considering the potential PAPR, two contiguous PRBs can be allocated for PUCCH format 3 transmissions.  
Proposal 4: For non-UL CA capacity UE, two contiguous PRBs for PUCCH format 3 transmissions on PCell can be an option.
3 Conclusions

In this document, we discussed HARQ-ACK feedback enhancements for Rel-13 CA. We suggest:

Proposal1：PUCCH format 3 with 48 bits payload capacity should become a start point of study.

Proposal2：HARQ-ACK bundling mechanism can be considered as a way to reduce the HARQ-ACK payload size.
Proposal3: PUCCH format supporting 96bits A/N or 144 bits can be candidates for UL control channel enhancement.
Proposal4: For non-UL CA capacity UE, two contiguous PRBs for PUCCH format 3 transmissions on PCell can be an option.
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