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1. Summary
In this contribution, we analyse some remaining HARQ-ACK reporting issues on different PUCCH formats and PUSCH. For HARQ-ACK multiplexing on PUCCH, both format 1b with channel selection and format 3 should be supported. For HARQ-ACK reporting on PUSCH, the UL DAI can be an eNB implementation issue; and no new UE behaviour is needed. 
2. PUCCH format support and HARQ-ACK generation
For a normal TDD cell, PUCCH format 3 is supported for all UL/DL configurations, and PUCCH format 1b with channel selection is supported for up to two serving cells except when  TDD UL/DL configuration 5 is used. 
Since an eIMTA cell is reconfigured among existing 7 UL/DL configurations, PUCCH format 3 should be supported for an eIMTA cell. Furthermore, PUCCH format 1b with channel selection should be supported for up to two serving cells except when UL/DL configuration 5 is configured in any cell, e.g. configured as the DL HARQ reference configuration for an eIMTA cell.
The HARQ-ACK bits of an eIMTA cell should follow the DL association set of the RRC configured DL HARQ reference configuration of an eIMTA cell. 

For PUCCH format 1b with channel selection, the DL association set and the number of bits for HARQ-ACK reporting are determined by the DL HARQ reference UL/DL configuration. This ensures that the same PUCCH format 1b with channel selection table can be used regardless of the cell reconfiguration. In the CA case, the M is determined by the maximum of the Mp and Mc based on the DL HARQ-ACK reference configuration of the two cells.
Proposal 1: PUCCH format 1b with channel selection is supported for up to two serving cells except for a cell with TDD UL/DL configuration 5 as the DL reference configuration. 
For PUCCH format 3, there is an open issue on whether or not to report a HARQ-ACK bit for a flexible subframe that is configured as an UL subframe. For the HARQ-ACK generation and reporting, several methods are listed below for consideration.
Method 1: Report all subframes in the DL association set
HARQ-ACK bits are reported for all subframe indexes in the DL association set even if the subframe is configured as an UL subframe by a reconfiguration DCI format. For a subframe that is configured as UL, one or two NACK bits are generated based on whether one or two transport blocks are configured on the cell. This method can be used regardless of the actual configuration by the reconfiguration DCI. On the other hand, it requires more HARQ-ACK bits on a PUCCH report.
Method 2: Report the DL and special subframes in the DL association set
For the subframes within the indexes in the DL association set, if a subframe is configured as an UL subframe by a reconfiguration DCI format, HARQ-ACK bits are not generated / reported. This method reduces the HARQ-ACK bits in a PUCCH report. However, in case of a mis-detection of a reconfiguration DCI, the UE may not know the actual allocation of some subframes in the DL association set of the DL HARQ reference configuration. Thus, HARQ-ACK reporting in fallback mode should be considered. Since the eNB cannot know whether a UE detects the reconfiguration DCI correctly or not, the HARQ-ACK report may be useless if eNB and UE have different assumptions due to a mis-detection.

Method 3: report the HACK-ACK bits and an ACK/NACK of the reconfiguration DCI 
To get the benefits of reduced payload in method 2 while avoiding the ambiguity issue due to mis-detection of a reconfiguration DCI, an ACK/NACK bit for the reconfiguration DCI can be reported together with the HARQ-ACK bits in a PUCCH format 3 reporting. The ACK/NACK for the reconfiguration DCI is not required if there is no HARQ-ACK feedback. The introduction of the ACK/NACK for reconfiguration DCI has several benefits.
· It reduces the number of HARQ-ACK bits compared with method 1 in most cases.
· It provides feedback on the reconfiguration DCI, thus increases the reliability of the reconfiguration signalling, and the eNB can avoid scheduling PDSCH in uncertain subframes for a given UE.
· The ambiguity issue in method 2 can be solved because the HARQ-ACK payload and the ACK/NACK for the reconfiguration DCI can re-validate each other at the receiver.

Based on the analysis, method 1 is the simplest solution with minimum specification change, while method 3 has benefits of increased system performance and reliability. Thus, we propose,  

Proposal 2: For PUCCH format 3, the number of HARQ-ACK bits are determined by the DL HARQ reference UL/DL configuration. 
· For payload reduction and performance enhancement, feedback of the reconfiguration DCI can be reported together with PDSCH HARQ-ACK.

3. UL DAI considerations 
For the HARQ-ACK reporting on PUSCH, if not-adjusted by the UL DAI, or there is no UL DAI in the UL grant of the cell, the same HARQ-ACK bits should be reported as in PUCCH Format 3.
If the HARQ-ACK report is adjusted by the UL DAI in an UL grant, there is a potential issue due to different UL HARQ reference and DL HARQ reference timing. A UL grant may be issued before a DL subframe in the DL association set of the DL HARQ reference configuration. Figure 1 shows an example, the UL grant is issued in subframe #6 based on UL HARQ reference configuration 1, and there is a flexible subframe that may be configured as a DL in subframe #8 which is after the UL grant. 
Several approaches may be considered from the eNB side:
Method 1: as the scheduler, the eNB knows the PDSCH scheduling of the subframes in the association set in advance, so the eNB can always calculate and set the correct UL DAI value in an UL grant.

Method 2: the eNB knows the number of DL subframes assigned to the UE up to the DL subframe that issues the UL grant. The eNB set the UL DAI in the UL grant with the sum of number of DL subframes assigned to the UE and the number of DL subframes after the UL grant in the DL association set. This ensure HARQ-ACK bits are reported for any potential PDSCH transmissions after the UL grant. If no PDSCH is scheduled, the UE simply reports NACK/DTX for the subframe. This method may bring unnecessary HARQ-ACK payload if PDSCH is not scheduled in the subframes after the UL grant.
From the UE’s perspective, the behavior remains the same as previous releases. The UE reports the HARQ-ACK bits based on the received UL DAI values. Thus, the UE is not expected to receive a PDSCH assignment with a DL DAI that is greater than the received UL DAI values. If the UE receives a PDSCH with a DL DAI value that is greater than the UL DAI, it should treat it as an error case and drop the subframe.
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Figure 1. Examples of UL DAI issue in eIMTA cell

Furthermore, this is not a new problem specific to eIMTA. The same issue already exists in TDD CA with different UL/DL configurations. As shown in Figure 2, if an UL grant is issued on SCell with configuration 1 in subframe #6, and there is no UL grant in subframe #8 on the PCell, the HARQ-ACK should be reported on the PUSCH of the SCell. The UL DAI on the SCell may need to consider a possible transmission in subframe #8 on the PCell. 
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Figure 2. Example of a similar issue in TDD CA with different UL/ DL configurations
In Rel-11, it was agreed that the UL DAI is an eNB implementation issue and did not need to be specified. The UE should follow the received UL DAI value in all cases. Therefore, the same principle should be applied for eIMTA cell, or if some clarification is need in the specification, the same clarification should be added for TDD CA with different UL/DL configurations.

Proposal 3: The determination of UL DAI value is an eNB implementation issue, and no specification is required for the UE behavior. 
4. Conclusions
In this contribution, we discussed the remaining details of HARQ-ACK for eIMTA. All the HARQ-ACK reporting methods should be supported for eIMTA including PUCCH format 1b with channel selection, PUCCH format 3 and PUSCH multiplexing. The DL association set of the DL HARQ reference configuration should be used to determine the HARQ-ACK bits for the reporting. 
For PUCCH reporting, we propose
Proposal 1: PUCCH format 1b with channel selection is supported for up to two serving cells except for a cell with TDD UL/DL configuration 5 as the DL reference configuration. 
Proposal 2: For PUCCH format 3, the number of HARQ-ACK bits are determined by the DL HARQ reference UL/DL configuration. 
· For payload reduction and performance enhancement, feedback of the reconfiguration DCI can be reported together with PDSCH HARQ-ACK.

For PUSCH reporting adjusted by UL DAI, the potential UL grant before a DL subframe is an existing issue that can be solved by eNB implementation. Thus,

Proposal 3: The determination of UL DAI value is an eNB implementation issue, and no specification is required for the UE behavior. 
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