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1. Introduction
In previous meeting, it was agreed that the HARQ-ACK codebook size is dynamically determined. Further, counter DAI is adopted to ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size). Several details are left for finalization. Also, supporting of PUCCH format adaptation is agreed to be based on HARQ-ACK codebook size. As size determination is essential to the HARQ mechanism, this contribution discuss the solutions to solve the opening details of DAI based scheme.
2. Discussion
Counter DAI based solution is supported for dynamic HARQ-ACK codebook. Counter DAI is incremental in frequency-first-time-second manner for TDD and is incremental in carrier index for FDD. This is same for Rel-12 solution. However, the bit-width of counter DAI is still to be decided. The granularity of codebook per CC needs to be defined and scheme to avoid ambiguity on number of HARQ bits for miss-detected DL assignments also needs to provided..
2.1. Number of DAI bits

For eCA, the number of supported CC is much higher than 5. Miss-detection possibility will be higher than legacy CA. Thus, keeping the 2bits DAI will not be sufficient. Further considering LAA operation, larger number of consecutive unsent PDCCHs due to LBT could happen. Then, those unsent PDCCHs can be detected by larger DAI field.  Considering 4 bits DAI can detect 16 consecutive missing DL assignments, it should be sufficiently robust in those LAA scenarios without the using of semi-static scheme. Note that for LAA scenarios, the unscheduled CC due to above reason can be also large due to the same reason above. And, the PUCCH feedback will be transmitted by Pcell or PScell, which are typically macro cells. Thus, the dynamical codebook can be more meaningful for the relevant scenarios for eCA. 
The overhead of DCI is in general less sensitive for eCA, since the increased number of bits is relatively small compared to the legacy DCI sizes. For those small cells/LAA cells, PDCCH coverage is not issue compared to PUCCH. If the overhead/coverage is really an issue in some scenarios, the number of DAI bits can be configured to a small number, e.g. 2 bits.
It should be also mentioned that False-detection impacts to data throughput. The case that UE try to receive/transmit the data not intended by scheduler will cause unnecessary higher layer retransmission and results in long delay. For eCA, the number of carrier will increase the blind detection significantly. Thus the false-detection has to be kept in same level as for 5 carriers to ensure eCA operations. Some candidate solutions were discussed. However, no scheme has been adopted.
If no scheme is adopted to mitigate the false-detection problem, the total False-detection for eCA per UE is 32/5 times compared to legacy CA. This could be much higher than normal CA operation. More advanced decoding scheme have to be used by UE side to mitigate the problem. By introducing larger DAI bits, this can also be used as virtual CRC checking. 4 bits DAI can reduce the False-detection and make it to similar level of legacy CA.
Proposal 1: Adopting 4 bits counter DAI for dynamic codebook determination.

2.2. Last Missing

If only counter DAI is adopted and the DAI continuously increase toward the last DL assignment, the last X DL assignment loss will not be detected. It was proposed to solve this issue in earlier discussion. Repeating last DAI for N times could be one of candidates as described in [1]. The repeating value could be either the counter value which starts repeating. The detection scheme can be implemented by eNodeB to balance the performance among last scheduled CCs. This scheme does not require extra overhead other than the agreed DAI field and would be applied for both TDD and FDD.
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Figure-1: DAI values for variations of repeating last DAI, assuming 2 bits DAI as example
Proposal 2: Repeating last DAI for N times could be used to solve the problem of last DL assignment loss.
2.3. Codebook granularity

It is left FFS for the problem of UE’s confusion on codebook size due to varying TMs among scheduled CCs. The simplest way is to accumulate the number of CW(s) instead of the number of CC(s) for the counter DAI. As mentioned in section 2.1.1, it is proposed to adopt 4-bit DAI and this also help CW-based DAI design. Considering repeating last DAI for N times to solve the problem of last DL assignment loss, if one of the last N DL assignments missed, it is proposed to set 2 NACKs for that CC. 

On the other hand, if the bit width of DAI is kept to be same as legacy LTE, other mechanism should be considered.   Opt 1.2.5 in [3] seems to be a good choice. The use case is for when all the CCs are configured with TMs supporting 1 CWs, or eNB try to minimise uplink overhead. UE performs spatial bundling on HARQ-ACK for all the CCs. If all the CCs are more likely configured with TMs supporting 2 CWs to maximise DL throughput, UE assumes 2 HARQ-ACK bits for all the CCs. This configurability enables to optimize operation depending on TMs among CCs configured for a UE. Such signalling can be semi-static configured by RRC or dynamic indicated by DCI.
Proposal 3: If 4 bits DAI adopted, CW-based counter DAI is used to resolve the ambiguity of TM for lost assignment. 

· The HARQ-ACK codebook order within one CC is based on transport block order of that CC.
· Undetected transport block should be responded with NACK.
· Configurability for spatial-bundling should be supported. 1 bit per CC is assumed per CC if spatial-bundling enabled.
2.4. Others

To ensure same size of UL and DL DCI format 0/1A, UL grant may have same DAI field as DL assignment. For TDD the field was used as the UL DAI to avoid last assignment missing problem for TDD UL/DL configuration 2~6. However, this is not needed if FDD already solve the issue. Note that UL grant is not available if we disable it or the carrier is operated in downlink only mode. Thus, we can consider using the field to for other purposes. 

 Implicit information with CRC scrambling will impact the CRC checking reliability and is not desirable.

3. Conclusion
In this contribution, we discussed the adaptive HARQ-ACK codebook size determination for the new introduced PUCCH formats and the remaining issues. In summary, we propose:
Proposal 1: Adopting 4 bits counter DAI for dynamic codebook determination.

Proposal 2: Repeating last DAI for N times could be used to solve the problem of last DL assignment loss.
Proposal 3: If 4 bits DAI adopted, CW-based counter DAI is used to resolve the ambiguity of TM for lost assignment. 

· The HARQ-ACK codebook order within one CC is based on transport block order of that CC.
· Undetected transport block should be responded with NACK.
· Configurability for spatial-bundling should be supported. 1 bit per CC is assumed per CC if spatial-bundling enabled.
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