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1 Introduction
In Rel-13 the aggregation of up to 32 carriers is supported. For HARQ-ACK transmission, the agreements are achieved as follows [1]: 
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits.
In this document, we share our views on HARQ-ACK transmission for Rel-13 CA.

2 HARQ-ACK payloads 
2.1 PUCCH format 3 supporting 48bits

For CA of up to 32 carriers, more ACK/NACK bits for PDSCH is required for feedback, which has more requirements on PUCCH payload capacity. Generally, considering 2 transmission blocks per carrier, the number of A/N bits is 64 for FDD and 256 for TDD respectively. In the agreement of RAN1#81 meeting, new PUCCH format would be supported to transmit at least 128bits for TDD. However, in many cases UE may not be configured by up to 32 CCs, for example, corresponding to service. In these scenarios, the payload capacity of PUCCH format 3 is sufficient by simple extension. In Rel-10 the payloads of PUCCH format 3 are up to 48bits while 20 ACK/NACK bits are utilized. A direct enhancement is to specify PUCCH format 3 with 48 bits. When UE aggregating less than 32 CCs (>5 CCs), bundling operation is an appropriate selection. The reduced ACK/NACK payload sizes are helpful to decrease PUCCH resource overhead and increase reliability of ACK/NACK transmission.  
Proposal1: PUCCH format 3 with 48 bits payloads should be supported.

2.2 Bundling operation
For FDD or TDD configuration with aggregating less than 32 carriers, PUCCH format 3 with 48 bits payloads can be used for ACK/NACK feedback. Taken FDD configuration as example, the maximum HARQ-ACK codebook size is 64 bits. Considering PUCCH format 3 with 48 bits, the basic compression method is to map 64bits to 48bits. In this condition, performance reduction is not serious. For ACK/NACK payload size is not larger than 48bit, there is no performance loss. Some bundling operations of A/N bits are applied as in previous specification. By slight improvement, these methods also can be taken as candidates.  
Option 1: Time bundling

This method is used for TDD configuration in Rel-8, which can make the number of TDD A/N bits align to FDD by bundling from multiple subframes, especially in the power limit scenario. An obvious disadvantage for this method is that unnecessary re-transmissions can decrease the DL throughput.

Option 2: Frequency bundling

In this method, bundling of A/N bits is across multiple different carriers which can reach to fewer A/N feedback bits. For this method, the A/N correlation of different cells can be lower, which can worsen the 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 in Rel-10, which maps the consecutive ACKs to HARQ-ACK states. Performance is better than above options. However the some A/N states in the subframe window cannot be distinguished.

Considering the scenario with less than 32 carriers, bundling operation can be an efficient option with less performance loss. Therefore HARQ-ACK bundling mechanism should be considered in Rel-13 CA.

Proposal2: HARQ-ACK bundling mechanism should be considered in Rel-13 CA.

2.3 Adaptation of HARQ-ACK payload
In Rel-10 HARQ-ACK payload size is based on the configured cells number. Even if some Scells are not enabled or there is no scheduling on these cells, HARQ-ACK payloads are still reserved to avoid ambiguity between UE and eNB. When 32 carriers aggregation are supported, the condition becomes more serious. In case of the plenty of carriers are not scheduled in one subframe, the required HARQ-ACK bits can still large. If codebook size is corresponding to the configured cells number, redundant HARQ-ACK bits are fed back which leads to potential unnecessary power consumption. Therefore adaptation of HARQ-ACK feedback bits should be considered, i.e. the HARQ-ACK codebook is based on the scheduling cells. In Rel-8 DAI field exists in TDD DCI (both in UL and DL) to assist UE to detect DCI drops. Similar to TDD DAI, new DAI field can be added in DCI of the scheduled carriers. UE can determine HARQ-ACK codebook based on the DAI counting function to find whether the configured carriers are scheduled or not. This method guarantees the transmission of effective HARQ-ACK payload. The drawback of this method is that new DAI field brings the additional control signalling overhead. Another candidate is to indicate the scheduling carriers by explicit signalling in a new DCI. Compared to above mentioned method, the new DCI decoding is needed.  
Proposal3: Adaptation of HARQ-ACK payload sizes is preferred. New DAI field in DCI or indication by an additional DCI can be candidates.
2.4 Multi-PRB transmission
Another direct method is to transmit two PUCCH format 3 on one Pcell or Pscell for non-UL CA capable UE, in which maximum payloads can reach to 96 bits. Considering the potential PAPR, two contiguous PRBs can be allocated to transmit PUCCH format 3.  
Proposal4: For non-UL CA capacity UE, two contiguous PRBs for PUCCH format 3 transmitted on Pcell or Pscell 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 payloads should be supported.
Proposal2: HARQ-ACK bundling mechanism should be considered in Rel-13 CA.
Proposal3: Adaptation of HARQ-ACK payload sizes is preferred. New DAI field in DCI or indication by an additional DCI can be candidates.
Proposal4: For non-UL CA capacity UE, two contiguous PRBs for PUCCH format 3 transmitted on Pcell or Pscell can be an option.
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