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1 Introduction
In Rel-13 the aggregation of up to 32 carriers is supported. For HARQ-ACK feedback, the agreements are achieved as follows [1][2]: 
· 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 the case of TDD PUCCH cell, the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32CCs is selected from

· 128, 256, 319, 638
· HARQ-ACK codebook size is dynamically determined
· To ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size)

· FFS, eNB transmits signaling in DL assignment: 

· FFS: Detailed signaling, e.g., 

· Counter DAI only
· FFS: Whether DAI can be not consecutive
· A Counter DAI and a Total DAI

· Combined DAI carrying either Counter or Total, based on the order of scheduling

· HARQ-ACK codebook indicator to indicate the possible carriers
· Note: Other alternatives are not precluded
· FFS: Additional UL signaling to indicate HARQ ACK codebook size

· FFS: PUCCH format adaptation

In this document, we share our views on HARQ-ACK codebook determination for Rel-13 CA.

2 HARQ-ACK codebook determination 
2.1 Adaptation of HARQ-ACK payload
In Rel-8 DAI field exists in TDD DCI to assist UE to detect the missed DL grant in subframe windows. The similar method can be introduced in Rel-13 CA, in which carrier assignment index (CAI) can be included in DCI. CAI in DL DCI grant, i.e. CAI_DL, represents accumulative number of carriers. If the value is not consecutive, UE can detect that a grant is missed, as Fig.1 shown. The separate CAI and DAI count is depicted in Fig.1(a) while joint count in Fig.1(b). Considering the number of bits in DCI, robustness and signalling overhead should be designed carefully. From this perspective, CAI counter modulo operation can be used. For Fig.1(a) and (b), joint count require less bit number than separate count. Therefore we slightly prefer joint CAI and DAI method.

Proposal1: Joint CAI and DAI method is preferred.
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Fig.1(a)  separate CAI +DAI count                Fig.1(b) joint CAI+DAI count
For this method, one problem is the last grant miss detection. In [3], some solutions are proposed which can be classified into the following types .  
Option 1:adding total DAI field
This option includes total DAI in the subframe or total DAI in joint CAI and DAI subframe. Usually, for the large number of carriers, the required number of bits is more. Thus more bits are introduced in grant, especially this field exists in each grant.  
Option 2: based on the configured CCs subset 
This method configures subset of CCs, in which the number of CCs is less than 32. UE feeds back the A/N according to the configured CCs subset. This method can maintain the same understand about HARQ codebook between eNB and UE. However there are un-scheduled CCs in one CCs subset in some subframes. Moreover, the scheduling is only restricted in CCs subset, which brings inflexible scheduling for eNB. 
Option 3: adding 1-2 bits last downlink assignment indicator

This method is add 1-2bits to indicate the last downlink assignment which can avoid missing the last grant. It can occur that two consecutive grants are missed. To prevent this problem, this bit can be repeated x times, as shown in Fig.2.  
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Fig.2 1 bits last downlink assignment indicator with 4 times repetition
Proposal2: Adding 1 bit last downlink assignment indicator. This bit is repeated x times. X can equal 4.  
2.2 HARQ-ACK bundling operation

In Rel-13 the large number of HARQ-ACK payload sizes are transmitted. The maximum 638 ACK/NACK bits are observed. Even for the new PUCCH format capacity, payload size still can not meet the requirement. Considering the reliability of control information transmission, HARQ-ACK compression method  should be considered in Rel-13. Bundling operation is used as an efficient HARQ-ACK compression in previous specifications. Therefore, HARQ-ACK bundling operation should be supported in Rel-13 CA. 

Moreover, PUCCH format 3 with 48bits capacity (or multiple PRB PUCCH format 3) can be used for ACK/NACK feedback. For FDD or TDD configuration with a few carriers aggregation, one PRB PUCCH format 3 can be sufficient to feed back ACK/NACK by bundling operations. In this condition, performance reduction is marginal. Some bundling operations are listed below.  

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: CC domain bundling

In this method, bundling of A/N bits is across multiple different carriers which can achieve 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 a few carriers, bundling operation can be an efficient option with low performance loss. Therefore HARQ-ACK bundling mechanism should be considered in Rel-13 CA.

Proposal3: HARQ-ACK bundling mechanism should be considered in Rel-13 CA.

3 Conclusions

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

Proposal1: Joint CAI and DAI method is preferred.
Proposal2: Adding 1 bit last downlink assignment indicator. This bit is repeated x times. X can equal 4.
Proposal3: HARQ-ACK bundling mechanism should be considered in Rel-13 CA.
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