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1 Introduction
At the RAN1 #91 meeting, the following agreements were reached on CA [1]:
Agreements:

· NR supports separate configuration of HARQ-ACK spatial bundling for PUSCH and PUCCH

Agreements:

· For cross-carrier scheduling, NR support UESS sharing in case of same DCI size for DCIs of different carriers on the same scheduling carrier, as an optional feature (additional UE capability for UEs that are capable of cross-carrier scheduling)

Agreements:

· For semi-static HARQ-ACK codebook, support

· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index

· There is no DAI in DL grants

Conclusion:

· No consensus to introduce CBG-level DAI in DCI in Rel-15

Agreements:

· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 

· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK

· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first)

· No additional reliability enhancements

Conclusion:

· It is understood that different PDCCH monitoring periodicities per PUCCH cell group are supported for same scheduling “type” (i.e. ‘slot-based scheduling’ or “non-slot-based” scheduling)
Conclusion:

· It is understood that parallel PUCCH and PUSCH transmissions on the same cell is deprioritized from the Dec. release, and parallel PUCCH on one cell and PUSCH on a different cell (or UL vs. SUL for the serving cell) within a cell group is also deprioritized in the Dec. release 

· From RAN1 perspective, this entire feature is not supported in Rel-15

· Note: across cell groups, parallel PUCCH in one group vs. PUSCH in the other goup is supported 

In [2], we discuss the open issues for HARQ-ACK feedback mainly for single carrier operation. In this contribution, we further discuss the remaining issues on CA, focus on HARQ-ACK feedback for NR CA.
2 Discussion
For dynamic codebook in CA case if all carriers are configured with CBG based HARQ-ACK or TB based HARQ-ACK, 2 bits C-DAI and 2 bits T-DAI should be included in DL grants for non-fallback DCI. 
For fallback DCI in common search space, it is possible that it will be used when dynamic codebook is configured to a UE. In this case, C-DAI should be included in DCI otherwise the number of PDSCHs scheduled by fallback DCI in common search space for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH cannot be determined by the UE. In [3] we discuss the necessity of fallback DCI mapped to the UE-specific search space.

Proposal 1: For dynamic codebook in CA case if all carriers are configured with CBG based HARQ-ACK or TB based HARQ-ACK, 

· 2 bits C-DAI and 2 bits T-DAI are included in DL grants for non-fallback DCI;

· 2 bits C-DAI and no T-DAI are included in DL grants for fallback DCI in CSS.
For dynamic codebook in CA case if CBG based HARQ-ACK and TB based HARQ-ACK are configured for different carriers, it was agreed that 2 HARQ-ACK sub-codebooks (sub-CBs) are supported, where the first sub-CB is for transmissions with TB-based HARQ-ACK, the second sub-CB is for transmissions with CBG-based HARQ-ACK, and the sub-CBs are combined in a single HARQ-ACK codebook. 
In this case, the carriers should be divided into two groups, one group include carriers configured with CBG based HARQ-ACK and the other group include carriers configured with TB based HARQ-ACK. C-DAI and T-DAI should be numbered separately for carriers in different group. For example, three carriers are configured for a UE, where CC1 is configured with CBG based HARQ-ACK and the CBG size equals to 2, CC2 is configured with TB based HARQ-ACK and CC3 is configured with CBG based HARQ-ACK and the CBG size equals to 4. Then we think CC2 belongs to the first group, CC1 and CC3 belongs to the second group. In the first group, only one carrier is included and the definition of DAI should be the same with single carrier case, only C-DAI is included in DCI and the C-DAI is numbered based on the number of scheduled PDSCHs on CC2. The first sub-CB is determined by the C-DAI in the first group. In the second group, two carriers are included and the definition of DAI should be the same with CA case, both C-DAI and T-DAI should be included in DCI and numbered based on the number of scheduled PDSCHs on CC1 and CC3. The second sub-CB is determined by the C-DAI and T-DAI in the second group.
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Proposal 2: For dynamic codebook in CA case if CBG based HARQ-ACK and TB based HARQ-ACK are configured for different carriers, 

· If the number of carriers configured with CBG based HARQ-ACK or TB based HARQ-ACK is one, then 2 bits C-DAI is included in DL grants and no T-DAI are included in DL grants for both fallback DCI in CSS and non-fallback DCI;
· If the number of carriers configured with CBG based HARQ-ACK or TB based HARQ-ACK is more than one, then 
· 2 bits C-DAI and 2 bits T-DAI are included in DL grants for non-fallback DCI;
· 2 bits C-DAI and no T-DAI are included in DL grants for fallback DCI in CSS;
· All the carriers are divided into two DAI group based on whether CBG based HARQ-ACK or TB based HARQ-ACK is configured
· C-DAI is the accumulative number of PDSCHs up to the present serving cell and current PDCCH monitoring occasion per DAI group, first in increasing order of serving cell index and then in increasing order of  current PDCCH monitoring occasion index
· T-DAI is the total number of PDSCHs up to the current PDCCH monitoring occasion per DAI group and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: For dynamic codebook in CA case if all carriers are configured with CBG based HARQ-ACK or TB based HARQ-ACK, 

· 2 bits C-DAI and 2 bits T-DAI are included in DL grants for non-fallback DCI;

· 2 bits C-DAI and no T-DAI are included in DL grants for fallback DCI in CSS.
Proposal 2: For dynamic codebook in CA case if CBG based HARQ-ACK and TB based HARQ-ACK are configured for different carriers, 

· If the number of carriers configured with CBG based HARQ-ACK or TB based HARQ-ACK is one, then 2 bits C-DAI is included in DL grants and no T-DAI are included in DL grants for both fallback DCI in CSS and non-fallback DCI;
· If the number of carriers configured with CBG based HARQ-ACK or TB based HARQ-ACK is more than one, then 
· 2 bits C-DAI and 2 bits T-DAI are included in DL grants for non-fallback DCI;
· 2 bits C-DAI and no T-DAI are included in DL grants for fallback DCI in CSS;
· All the carriers are divided into two DAI group based on whether CBG based HARQ-ACK or TB based HARQ-ACK is configured
· C-DAI is the accumulative number of PDSCHs up to the present serving cell and current PDCCH monitoring occasion per DAI group, first in increasing order of serving cell index and then in increasing order of  current PDCCH monitoring occasion index
· T-DAI is the total number of PDSCHs up to the current PDCCH monitoring occasion per DAI group and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
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