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1. Introduction
In the RAN1 #82 meeting, agreements have been made to dynamically determine HARQ-ACK codeword size for aggregation up to 32 carriers.  The aggrements made so far are listed as follows [1]:

Agreements:
· 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 contribution, we propose a potential solution for the determination of the HARQ-ACK codebook that addresses the issue of carrier feedback with 2 bit HARQ-ACK feedback.  
2. Codebook indicator of pre-configured sets
2.1. Pre-configured groups of carriers with known ordering 
A pre-configured set of group of carriers is assumed.  This method allows group of pre-configured carriers to indicate A/N bits with pre-determined order.  The size of codebook is dynamically adjusted by two factors.  First is the codebook indicator, which number carrier feedbacks requested.  Second is the number of scheduled carriers expecting 2 bit HARQ-ACK feedback.   The number of pre-configured groups of carriers are configured by higher layers for scheduling flexibility and performance.  An example of mapping codebook indicator and corresponding group is shown in figure 1.  
At the upper portion of the figure 1, 8 carriers are configured, while expecting 1 bit HARQ-ACK for all carriers.  This obviously does not mean not all carriers of an indicated group need to be scheduled.  Carrier(s) with no assignment only needs to indicate NACK correspondingly.  In this example, the UE can receive downlink assignments for any of carrier numbers 0, 1, 2, 3, 8, 9, 10 and 11 with pre-configured codebook indicator “01” and the 2 bit codeword indicator  “00” in every DL assignment.  Ascending (or desending) order of carrier numbers is used to form UCI of 8 bits.  
At the middle portion of the figure 1, there are 3 carriers with 2 PDSCH codewords assigned.  This is a case when number of carriers with 2 PDSCH codewords assignment do not exceed half of the total carriers indicated in the codebook indicator.  The codebook indicator received from DL assignment is “01”, but the codeword indicator is “01” for every DL assignment.  Thus, the UE is informed that UCI size for feedback is 12.  If the UE successfully identifies 3 carriers are assigned with 2 PDSCH codewords, mixture of 2 or 1 bit A/Ns of pre-determined order can be prepared by the UE, as shown at the middle portion of the figure.  The formation of UCI from 8 carriers is the same ascending (or descending) order, but 2 bit HARQ-ACK feedbacks are grouped together.  The component carrier (CC) cc0 with 1 bit HARQ-ACK feedback pads the remaining bit by duplicating its A/N.  Since common codebook indicator and codeword indicator is signaled to all DL assignments the UE, the eNB can have some limited number of hypothesis for analyzing how many successful 2 bit HARQ-ACK assignments has the UE recognized, if the UE misses one or some assignments expecting 2 bit HARQ-ACK.  Validity check of each hypothesis can be executed with the CRC result.
If more than half of the carriers are assigned with 2 PDSCH codewords, the UE prepares to send UCI of 16 bit, as depicted at the lower portion of the figure 1.  In this case, codeword indicator field is set to “11”.  The same assumption for group ordering and padding rule is applied to this case.
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Figure 1 Codebook determination rule by eNB and UCI formation rule by UE
Proposal 1: HARQ-ACK codebook is determined by two fields.  One is the codebook indicator field and the other is the codeword size indicator field.  These two fields are set the same value in every downlink assignments in the (e)PDCCH.
Proposal 2: HARQ-ACK bits for 2 PDSCH codewords are grouped together with pre-defined ascending (or descending) order.  Remaining bits intended for 2 bit HARQ-ACK are padded with duplicate A/Ns of 1 bit HARQ-ACK if allocated.
3. Conclusion

A solution to HARQ-ACK codebook determination rule considering carrier with 2 PDSCH codewords is presented in this contribution.  The followings are our observations and proposal: 

Proposal 1: HARQ-ACK codebook is determined by two fields.  One is the codebook indicator field and the other is the codeword size indicator field.  These two fields are set the same value in every downlink assignments in the (e)PDCCH.

Proposal 2: HARQ-ACK bits for 2 PDSCH codewords are grouped together with pre-defined ascending (or descending) order.  Remaining bits intended for 2 bit HARQ-ACK are padded with duplicate A/Ns of 1 bit HARQ-ACK if allocated.
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