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1. Introduction

In RAN1#70bis meeting, there was an agreement on HARQ-ACK feedback for the CA with different TDD UL-DL configurations as the following [1][2]. 

Agreement:
·   For HARQ-ACK feedback with PUCCH format 3 or PUCCH format 1b with channel selection for TDD inter-band CA with different UL-DL configurations on different bands, the same approach for self-carrier scheduling is applied for cross-carrier scheduling, except on the potential difference of PDSCH HARQ reference timing on SCell.
Conclusion:
·   For TDD inter-band CA with different UL-DL configurations on different bands and HARQ-ACK transmission with PUCCH format 1b with channel selection

· The same approach is applied for the combinations with min{Mp, Ms}=0 as for the combinations with min{Mp, Ms}>0

In this contribution, we discuss and suggest on several remaining issues related to HARQ-ACK feedback for the CA with different TDD UL-DL configurations. More specifically, PUSCH piggyback, state mapping, and power control for PUCCH format 1b with channel selection are addressed. Besides, HARQ-ACK timing issue in case of cross-CC scheduling and DAI signalling issue related to some CA cases are also discussed in this contribution. 
2. Issues on PUCCH format 1b with channel selection
In this section, we discuss on some remaining issues related to PUCCH format 1b with channel selection. 
2.1. When any of the (Mp, Ms) is zero

According to the conclusion above, even in case with min{Mp, Ms} = 0, the mapping table with M = max{Mp, Ms} used for Rel-10 CA would be applied same as for the case with min{Mp, Ms} > 0. It seems this decision was made mainly in order to avoid taking multiple mapping tables and to avoid consuming additional ACK/NACK resources in case of HARQ-ACK transmission on PUCCH. 
On the other hand, reminding the agreement in RAN1#70 meeting [3] on the case of HARQ-ACK piggyback on PUSCH when PUCCH format 1b with channel selection is configured, HARQ-ACK bits would be determined according to the following.
· For HARQ-ACK transmission on PUSCH without W_{DAI}^{UL}, the UE shall generate the HARQ-ACK bits according to the above PUCCH design;

· For HARQ-ACK transmission on PUSCH with W_{DAI}^{UL} = 1 or 2, the UE shall generate the HARQ-ACK bits as if PUCCH format 3 is configured for HARQ-ACK transmission for inter-band TDD CA, except that spatial bundling is performed for all serving cells configured with a DL MIMO transmission mode in case W_{DAI}^{UL} = 2;

· For HARQ-ACK transmission on PUSCH with W_{DAI}^{UL} = 3 or 4, the UE shall generate the HARQ-ACK bits according to RM code input bits defined in the Rel-10 mapping table with M = W_{DAI}^{UL}.

Here, if we apply this PUSCH piggyback operation as it is even to the case with min{Mp, Ms} = 0, especially in case with W_{DAI}^{UL} = 3/4 or without W_{DAI}^{UL}, HARQ-ACK bits might be generated even for the cell with zero Mc value. This seems to be quite unnecessary (and meaningless) overhead since it may incur excessive RE consumption for HARQ-ACK piggyback with PUSCH puncturing which would cause UL data performance loss or waste on UL resources scheduled for PUSCH. Thus, it is reasonable not to generate HARQ-ACK (or RM code input) bits corresponding to the cell with zero Mc value, or to omit the bits corresponding to the cell with zero Mc value after generating entire HARQ-ACK bits according to the above manner. Unlike the PUCCH case, this procedure does not involve the complexity such as taking multiple mapping tables or consuming additional ACK/NACK resources. 
Proposal 1: 

· For HARQ-ACK piggyback on PUSCH with W_{DAI}^{UL} = 3/4 or without W_{DAI}^{UL} when PUCCH format 1b with channel selection is configured, HARQ-ACK bits corresponding to the cell with zero Mc value in case with min{Mp, Ms} = 0 are not generated.

2.2. Handling of overlapping states

Regarding use of the mapping table with M = max{Mp, Ms} in case when both Mp and Ms are positive, first of all, it seems there would not be serious performance loss in case with Mc value combination as {1, 2}, {1, 3}, {1, 4}, and {3, 4}. This is because report of individual ACK or NACK feedback could be supported for the cell with Mc = 1 even though time-bundling based mapping with M = 3 or 4 is applied for both two cells in case of {1, 3} or {1, 4}, and performance loss on the cell with Mc = 3 caused by using the mapping with M = 4 having overlapping states might be marginal in case of {3, 4}. 
On the other hand, considering use of the mapping table with M = max{Mp, Ms} for the case of {2, 3} or {2, 4}, some DL throughput loss would be inevitable since time-bundling based mapping with M = 3 or 4 is applied for the cell with Mc = 2 although individual ACK/NACK feedback without time-bundling is supported for the case with M = 2 in Rel-10. In detail, in case of {2, 3}, meaningful ACK/NACK states for the cell with Mc = 2 would be (A, A, N/D) and (A, N/D, any) for the DL data corresponding to DAI = 1, 2 while report of (N/D, A) feedback for DAI = 1, 2 on the cell with Mc = 2 is impossible due to property of the mapping with M = 3 by consecutive ACK manner. This case seems to be somewhat reasonable since at least consecutive ACK states could be completely supported. 
In case of {2, 4}, a bit unlike the case of {2, 3} above, the states (A, A, N/D, any) and (A, D, D, D) would be useful for DAI = 1, 2 on the cell with Mc = 2. More specifically, compared to {2, 3} case, report of (A, N) feedback for DAI = 1, 2 on the cell with Mc = 2 would be additionally abandoned due to overlapping states between (A, D, D, D) and (A, A, A, A) in the mapping with M = 4. However, this ACK/NACK state loss on the cell with Mc = 2 seems be unnecessary because such state overlapping with (A, A, A, A) is not required in case with M = 2. In other words, (A, N) as well as (A, D) for DAI = 1, 2 on the cell with Mc = 2 could be mapped to the state (A, D, D, D) in the mapping with M = 4. Even doing so, no further specification efforts would be needed on HARQ-ACK definition and PUCCH allocation. 
Proposal 2:
· In the case when {Mp, Ms} = {2, 4} or {4, 2}, the feedback (A, N/D) for the DL data corresponding to DAI = 1, 2 on the cell with Mc = 2 is mapped to the state (A, D, D, D) in the mapping table with M = 4. 
2.3. nHARQ value for PUCCH power control

Regarding the PUCCH power control in Rel-10, when PUCCH format 1b with channel selection is configured, the decision principle of nHARQ value for the carrier aggregation was based on the number of received TBs, which is to avoid the issue of having to transmit larger than necessary tx power [4]. Following the principle, nHARQ for the bundled HARQ-ACK transmission for M = 3 or 4 was decided based on the maximum number of possible hypotheses from HARQ-ACK combinations. Therefore, nHARQ = 2 (4 hypotheses) if UE receives PDSCH or PDCCH indicating downlink SPS release only on one serving cell within subframes n – k, where k ∈ K; otherwise (i.e. UE is scheduled for two serving cells) nHARQ = 4 (16 hypotheses) [5][6].
However, when it comes to different TDD configuration with {Mp, Ms} = {1, 4}, {1, 3}, {4, 1}, or {3, 1} which happens on 12 combinations as provided in [7], the maximum number of possible hypotheses is 8 when UE is scheduled for two serving cells, and maximum possible hypotheses is 2 or 4 depending on the not scheduled cell when UE is scheduled for only one serving cell. Therefore, to avoid the issue of having to transmit larger than necessary tx power, we propose as follows: 
Proposal 3:
· In the case {Mp, Ms} = {1, 4}, {1, 3}, {4, 1}, or {3, 1}, nHARQ = 3 if UE is scheduled for two serving cells, nHARQ = 1 if UE is scheduled for only one serving cell with Mc = 1, nHARQ = 2 if UE is scheduled for only one serving cell with Mc = 3 or 4.
3. HARQ-ACK timing issue in case of cross-CC scheduling
Regarding ACK/NACK transmission in case of self-CC scheduling, the following has been agreed in order to define the set of DL subframe timing for HARQ-ACK feedback. 
· The set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ∈K and K is determined according to the TDD UL-DL configuration which the PDSCH HARQ timing on serving cell c follows

Moreover, for ACK/NACK transmission in case of cross-CC scheduling, a working assumption was made during RAN1#70 meeting to determine HARQ-ACK timing reference for Scell as the following [3]. 
· Follow P-Cell timing for PDSCH, regardless of the number of aggregated CCs
· Applicable for Cases B and C

Here, if the current working assumption above is confirmed for the cross-CC scheduling case, it is required to reconsider the set of DL subframe timing for HARQ-ACK feedback agreed for the self-CC scheduling case above. Regarding the case when an Scell is cross-CC scheduled by another Scell with different TDD UL-DL configuration, it is necessary that PDSCH reception and HARQ-ACK timing are defined only for the subframe where both Scell and its scheduling cell are configured as DL subframe. 
In terms of determination on PDSCH HARQ timing reference for Scell in the cross-CC scheduling case, another possible solution suggested in [8] could be considered to adopt. According to the suggestion, PDSCH HARQ timing for Scell in the cross-CC scheduling case is determined to follow the timing reference determined for its scheduling cell. Compared to the current working assumption (to just follow Pcell’s timing), this method could reduce the number of non-schedulable DL subframes, in particular, when an Scell is cross-CC scheduled by another Scell as explained in [8]. Even with this, potential ACK/NACK resource collision in case of PUCCH format 1b with channel selection could be still avoided because timing reference of the scheduling cell (i.e. Pcell in this case) is determined as Pcell. 
Based on this observation, we firstly suggest to adopt the method proposed in [8] to follow the timing reference of scheduling cell, for better resource utilization efficiency. Otherwise, if we would keep the current working assumption, the clarification on the set of DL subframe timing for HARQ-ACK feedback suggested above should be reflected. 
Proposal 4:
· In case of cross-CC scheduling, it is firstly suggested that PDSCH HARQ timing for Scell is determined to follow the timing reference of its scheduling cell for better resource utilization efficiency. Otherwise, if the current working assumption (to follow Pcell’s timing) is confirmed, it should be clarified that the set of DL subframes on Scell for PDSCH reception and HARQ-ACK timing is defined with the subframe where both the Scell and its scheduling cell are configured as DL subframe.
4. DAI signalling issue related to some CA cases
Regarding DL DAI signalling for the CA with different TDD UL-DL configurations, the following was agreed during RAN1#70 meeting [3]. 
· Whether DL DAI in DL DCI formats (PDSCH on serving cell c) is applied shall be determined based on the PDSCH HARQ timing reference configuration on serving cell c

· Applicable for both formats 3 and 1b with channel selection

Applying this, there would be some cases where DL DAI is signaled for a cell while DL DAI is not signaled for another cell. For example, assuming that UL-DL configurations of Pcell and Scell are 0 and 1 respectively and self-CC scheduling is configured, PDSCH HARQ timing reference for Pcell and Scell is determined to 0 and 1 respectively. In this case, according to the agreement above, DL DAI signaling is not applied for Pcell while DL DAI signaling is applied for Scell. However, this may require further specification work on ACK/NACK procedure such as HARQ-ACK(i) definition and PUCCH resource allocation for each cell, especially in case when PUCCH format 1b with channel selection. 
Therefore, in order to avoid large specification efforts on this issue, it is reasonable that DL DAI signaling is applied for all the cells if PDSCH HARQ timing reference for any of the cells is not determined to 0. In other words, DL DAI signaling is not applied for all the cells only if PDSCH HARQ timing reference for all the cells is determined to 0. 
Proposal 5:
· DL DAI signaling is applied for all the cells if PDSCH HARQ timing reference for any of the cells is not determined to 0. DL DAI signaling is not applied for all the cells only if PDSCH HARQ timing reference for all the cells is determined to 0.
5. Summary
We discussed on several remaining issues related to HARQ-ACK feedback for the CA with different TDD UL-DL configurations, on PUCCH format 1b with channel selection, HARQ-ACK timing with cross-CC scheduling, and DL DAI singling. Finally, we propose: 

Proposal 1: 

· For HARQ-ACK piggyback on PUSCH with W_{DAI}^{UL} = 3/4 or without W_{DAI}^{UL} when PUCCH format 1b with channel selection is configured, HARQ-ACK bits corresponding to the cell with zero Mc value in case with min{Mp, Ms} = 0 are not generated.

Proposal 2:
· In the case when {Mp, Ms} = {2, 4} or {4, 2}, the feedback (A, N/D) for the DL data corresponding to DAI = 1, 2 on the cell with Mc = 2 is mapped to the state (A, D, D, D) in the mapping table with M = 4. 
Proposal 3:
· In the case {Mp, Ms} = {1, 4}, {1, 3}, {4, 1}, or {3, 1}, nHARQ = 3 if UE is scheduled for two serving cells, nHARQ = 1 if UE is scheduled for only one serving cell with Mc = 1, nHARQ = 2 if UE is scheduled for only one serving cell with Mc = 3 or 4.

Proposal 4:
· In case of cross-CC scheduling, it is firstly suggested that PDSCH HARQ timing for Scell is determined to follow the timing reference of its scheduling cell for better resource utilization efficiency. Otherwise, if the current working assumption (to follow Pcell’s timing) is confirmed, it should be clarified that the set of DL subframes on Scell for PDSCH reception and HARQ-ACK timing is defined with the subframe where both the Scell and its scheduling cell are configured as DL subframe. 

Proposal 5:
· DL DAI signaling is applied for all the cells if PDSCH HARQ timing reference for any of the cells is not determined to 0. DL DAI signaling is not applied for all the cells only if PDSCH HARQ timing reference for all the cells is determined to 0.
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