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1 Introduction
In order to support up to 32CCs, new PUCCH formats were discussed in RAN1. In [1], simulation results were presented to evaluation the performance of potential new PUCCH formats. In order to determine which PUCCH format to use, the HARQ-ACK codebook (including HARQ-ACK order and size) can be dynamically or semi-statically determined. It has been agreed in RAN1#82bis that DAI based solution is supported for dynamic HARQ-ACK codebook and semi-static determination depends on the number of configured CCs.
Agreements:
· eNodeB can configure by RRC signaling an eCA UE to determine HARQ-ACK codebook size according to either (a) or (b) as follows:
· Solution (a):
· DAI based solution is supported for dynamic HARQ-ACK codebook:
· Counter DAI in each DL assignment of one CG are used to HARQ-ACK codebook order.
·  Counter DAI is incremented in frequency-first-time-second manner for TDD PUCCH CG.
· Counter DAI is incremented in carrier index  for FDD PUCCH CG
· FFS: Number of bit for counter DAI
· FFS: Total DAI in each DL assignment of one CG is to indicate the total codebook size in the current subframe for the corresponding FDD PUCCH CG, up to present subframe within a bundling window for corresponding TDD PUCCH CG .
· FFS:UL DAI in UL grant is  used to indicate the total codebook size within bundling window(Keep the same function in Rel-12);UL grant with UL DAI can be triggered by eNB if  it is deemed necessary to further ensure the common understand between UE and eNB on the total codebook size 
· FFS: Granularity of codebook
· Solution (b):
· An eCA UE determines HARQ-ACK codebook size according to the number of configured CCs (i.e. as in Rel-12)
· Fallback to PUCCH format 1a/b is supported as in Rel-12
· No additional spec impact is needed specifically for solution (b)
· Both solution (a) and solution (b) are mandatory feature as UE capability from RAN1 recommendation point of views for UEs supporting more than 5 CCs

In this contribution, the remaining issues of DAI based solution would be discussed, for example, how many bits are used for counter DAI, whether total DAI is necessary and so on.
2 Remaining Issues
It has been agreed that counter DAI is used in each DL assignment of one CG. However, counter DAI has following problems:
· It cannot detect if 2N consecutive DL assignments are missed (N is the number of DAI bits). Although the chance of missing 2N consecutive DL assignments is small, with the increase of number of CCs, the probability is increased.
· It cannot detect if the last one or several DL assignments are missed
To improve the counter DAI solution, following schemes were proposed:
· Total DAI as in [2]
Total DAI is included in the DL assignment to indicate the total number of DL assignments scheduled. From the total DAI, it can be detected if 2N consecutive DL assignments are missing, but it cannot tell on which carriers these 2N DL assignments were transmitted. Besides, total DAI can also tell if the last one or multiple DL assignments are missed. In order to distinguish CCs configured with TM with one codeword and CCs configured with TM with two codewords, it has been proposed in [2] to group the CCs into two CC groups (CGs). CCs configured with TM with one codeword are grouped into one CG and CCs configured with TM with two codewords are grouped into another CC. In this case, UE knows how many HARQ-ACK bits need to be transmitted if one DL assignment is detected missing. It has been agreed in RAN1#82bis that DAI is counted per CG. The drawback of total DAI is that it might cause more PDCCH overhead in comparison with other schemes. If we assume that the maximum number of CCs to be scheduled is 32, 5bits are needed to indicate the total DAI for FDD. For TDD, except TDD configuration 5, HARQ-ACKs of maximum 4 subframes are transmitted in one UL subframe. Also considering maximum 32 CCs, the maximum number of DL assignments that can be scheduled would be 32*4=128. To indicate the maximum number of scheduled DL assignments, 7bits total DAI is necessary.
· Indicating a last PDCCH indicator as in [3]
As in [3], besides counter DAI, one bit can be added to DL assignment to indicate the last DL assignment scheduled. The indicator in the last DL assignment is indicated as “1” and the ones in remaining DL assignments is indicated as “0”. If UE receives only “0” in the DL assignments, it means that the last DL assignment was lost. However, with one bit indicator it cannot detect if more than one last DL assignment were lost. To detect last multiple PDCCHs, two bits can be added in DL assignment. As in [3], the indicators in the last three DL assignments are indicated as “1”, “2” and “3” and the ones in the remaining DL assignments are indicated as “0”. In this case, if any of the last three DL assignments is missed, it can be detected. However, this scheme cannot help with the problem that 2N consecutive DL assignments are missed.
· Increasing counter DAI bits
When the number of counter DAI bits is increased to 3, it can be detected if less than 8 consecutive DL assignments are lost. The probability of the error case is reduced. However, this scheme cannot solve the problem of losing the last several DL assignments.
As we can see from above, total DAI can solve the problem of both losing 2N consecutive DL assignments and losing last several DL assignments. However, it needs 5bits for FDD and 7bits for TDD in DL assignments. Adding 2bits last DL assignment indicator can solve the problem if maximum 3 last DL assignments are lost. And increasing counter DAI bits to 3bits can solve the problem if up to 7 consecutive DL assignments are lost. If the probability of losing consecutive DL PDCCHs is not that high, we think adding 2bits last PDCCH indicator and extend current counter DAI to 3 bits are enough. Therefore, we propose to use 3bits for counter DAI and to add 2bits as last PDCCH indicator.
Proposal:
· 3bits for counter DAI
· Add 2bits as last PDCCH indicator
3 Conclusion
In this contribution, we discussed the remaining issues of dynamic HARQ-ACK codebook. To solve the drawbacks of counter DAI, we propose:
· 3bits for counter DAI
· Add 2bits as last PDCCH indicator
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