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1. Introduction

In our companion contributions [1][2], candidates of HARQ-ACK timing for TDD-FDD CA are summarized based on frame structure type of PCell and SCell. Furthermore, introduction of additional HARQ timing for DL and UL subframes on FDD SCell which are not defined by TDD PCell HARQ-ACK timing is discussed. 
In this contribution, we discuss how to handle HARQ-ACK and DCI for TDD-FDD CA with respect to the proposed HARQ timing. 
2. HARQ-ACK/DAI for PDSCH
In this section, we introduce the method of transmitting HARQ-ACK corresponding to PDSCH or PDCCH indicating DL SPS release on physical uplink channels based on HARQ timing. In this contribution, we assume that PUCCH is transmitted on only PCell. Therefore, the method of HARQ transmission would be commonly applied for both cross-carrier scheduling (CCS) and non-cross-carrier scheduling (NCCS) cases. Additionally, we would discuss whether DAI field on UL grant/DL assignment should be presented or not.
2.1. FDD as PCell, TDD as SCell
In this case, it seems to be beneficial to keep FDD PCell DL HARQ timing since it equally distributes HARQ-ACK for TDD SCell over FDD PCell UL subframes as explained in [1], which results in PUCCH coverage increase. Therefore, in this contribution, we assume TDD SCell follows FDD PCell DL HARQ timing. 
In this case, UL subframes on TDD SCell are no longer associated with multiple DL subframes as in the case where only TDD cells are aggregated. In other words, DAI field on UL grant/DL assignment would not be necessary even for TDD SCell when TDD SCell follows FDD PCell DL HARQ timing. Next, since HARQ-ACK across multiple DL subframes on TDD SCell would be equally distributed over UL subframes on FDD PCell as mentioned earlier, the HARQ-ACK feedback schemes (i.e. procedure of PUCCH format 1b with channel selection and PUCCH format 3) for CA of FDD cells can be used for this case. Additionally, HARQ-ACK corresponding to UL subframes on TDD SCell can be simply set to DTX, or not be considered in determining codebook size of HARQ-ACK bits. 
Proposal 1: For FDD as PCell and TDD as SCell, if TDD SCell follows FDD PCell DL HARQ timing, HARQ-ACK feedback scheme can be based on HARQ-ACK feedback schemes for CA of FDD cells. 
Proposal 2: For FDD as PCell and TDD as SCell, if TDD SCell follows FDD PCell DL HARQ timing, DAI field on UL grant/DL assignment for scheduling TDD SCell can be removed. 
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Figure 1: Example of HARQ-ACK feedback for DL subframes in case of FDD PCell and TDD SCell. 

2.2. TDD as PCell, FDD as SCell

It seems obvious that DL HARQ timing for this case follows TDD PCell DL HARQ timing due to the lack of PUCCH transmission timing on TDD PCell. Since both UL and DL are available in all subframes on FDD SCell, several DL subframes on FDD SCell aligned with the UL subframes on TDD PCell cannot be fully utilized. In this case, it could be considered to introduce additional DL HARQ timing as shown in [1]. 
If only existing TDD PCell DL HARQ timing is used and the additional DL HARQ timing is not adopted, HARQ-ACK feedback scheme for CA of TDD cells can be reused for DL subframes for TDD PCell and FDD SCell. Next, in this case, DAI field should be presented on UL grant/DL assignment for FDD SCell. 
On the other hands, if the additional DL HARQ timing as explained in [1] is adopted in addition to existing TDD PCell DL HARQ timing, the number of DL subframes (i.e. M) associated with single UL subframe would be increased. Therefore, it would be necessary to consider how to handle increased HARQ-ACK bits and DAI monitoring especially for M>4. Simply, HARQ-ACK bits for DL subframes on FDD SCell aligned with UL subfrmaes on TDD PCell could be concatenated next to existing HARQ-ACK bits. Figure 2 shows an example of the order of HARQ-ACK bits construction. In this example, HARQ-ACK bits for additional DL subframes for FDD SCell are concatenated to the HARQ-ACK bit sequence for DL subframes for TDD PCell and FDD SCell defined by the TDD PCell DL HARQ timing, where existing HARQ-ACK feedback schemes for CA of TDD cells could be used for the concatenated HARQ bit sequence. Meanwhile, some modification on the HARQ-ACK feedback and DAI signalling/interpretation might be necessary to support large number of HARQ-ACK bits depending on the TDD-FDD UL/DL combination.

Proposal 3: For TDD as PCell and FDD as SCell, if FDD SCell follows TDD PCell DL HARQ timing, HARQ-ACK feedback can be based on the HARQ-ACK feedback schemes for CA of TDD cells. 

Proposal 4: If additional DL subframes on FDD SCell are utilized, modification on the HARQ-ACK feedback and DAI signalling/interpretation can be considered depending on the TDD-FDD UL/DL combination.
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(a) DL subframes on FDD SCell aligned with UL subframes on TDD PCell are not utilized.
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(b) DL subframes on FDD SCell aligned with UL subframes on TDD PCell are fully utilized.
Figure 2: Example of DL HARQ-ACK feedback for DL subframes in case of FDD PCell and TDD SCell.
3. PHICH/UL index for PUSCH in case of cross-carrier scheduling
In case of non-cross-carrier scheduling, it is reasonable that each cell follows its own UL HARQ timing Then, HARQ-ACK feedback scheme could be carried out based on the frame structure type of serving cell. Meanwhile, for cross-carrier scheduling, UL HARQ timing could be modified and it could result in changes of the period of synchronous UL HARQ process and the existence of UL index field in UL grant for all TDD UL/DL configurations. 
3.1. FDD as scheduling cell, TDD as scheduled cell
For TDD UL/DL configuration 1-6, regardless of whether UL HARQ timing is modified or not, UL index field would not be necessary since the total number of DL subframes is not smaller than that of UL subframes. It means that there is no DL subframes associated with multiple UL subframes. 
For TDD UL/DL configuration 0 with existing UL HARQ timing, even though DL is available in all subframes on FDD cell, the number of DL subframes on FDD cell to schedule UL subframes on TDD cell is only two in a frame whereas the number of UL subframes on TDD cell in a frame is three as shown in figure 3. Therefore, when the existing UL HARQ timing is used, UL index should be presented on UL grant in FDD cell with TDD UL/DL configuration 0 to fully utilize all UL subframes on TDD cell. Furthermore, since PHICH resources on FDD cell would not support HARQ-ACK for multiple UL subframes as in TDD cell, some portion of UL subframes on TDD cell (e.g. UL resources corresponding to 
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Figure 3: Example of UL HARQ-ACK feedback for UL subframes for TDD cell scheduled by DL subframes on FDD cell with existing UL HARQ timing.
For TDD UL/DL configuration 0 with modified UL HARQ timing as shown in [2], the period of synchronous UL HARQ process could be set to 10 ms even though TDD UL/DL configuration is 0. In this modified HARQ timing, since DL subframes on FDD cell aligned to UL subframes on TDD cell could be additionally used to transmit UL grant or PHICH corresponding to UL subframes on TDD cell, it would be possible to make one-to-one mapping between DL subframes on FDD cell and UL subframes on TDD cell as shown in figure 4. In this case, UL index could be removed, and each PHICH corresponding to UL subframes on TDD cell would be transmitted in different DL subframes as presented in figure 4. 
Proposal 5: For FDD as scheduling cell and TDD as scheduled cell, if modified UL HARQ timing is adopted for TDD UL/DL configuration 0, removal of UL index field can be considered for TDD UL/DL configuration 0. 
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Figure 4: Example of UL HARQ-ACK feedback for UL subframes for TDD cell scheduled by DL subframes on FDD cell with modified UL HARQ timing.
3.2. TDD as scheduling cell, FDD as scheduled cell
For this case, UL subframes on FDD cell aligned with UL subframes on TDD cell could simply follow UL HARQ timing of the aggregated TDD cell. However, UL HARQ timing is not defined for the remaining UL subframes on FDD cell, which are aligned with DL subframes on TDD cell. If the remaining UL subframes on FDD cell are not used for scheduling UL-SCH, it seems straightforward that existing PHICH transmission scheme would be kept for FDD cell. In this case, UL index field is presented only for TDD UL/DL configuration 0. 
PUSCH transmissions are scheduled by UL grant or PHICH which is transmitted in DL subframes on TDD cell, and the number of DL subframes on TDD cell would be smaller than that of UL subframes on FDD cell. Therefore, if all UL subframes on FDD cell are fully utilized, then some portion of DL subframes on TDD cell should support scheduling PUSCH transmissions in multiple UL subframes on FDD cell. In our companion contribution [2], an example of UL HARQ timing for the remaining UL subframes on FDD cell is introduced. 
If multi-subframe scheduling is adopted, the remaining UL subframes on FDD cells could be fully utilized for PUSCH transmissions, and additional UL index would be needed for all TDD UL/DL configurations. Meanwhile, if UL subframes on FDD cells corresponding to multi-subframe scheduling are not used, then additional UL index for TDD UL/DL configuration 1-6 would not be necessary. Figure 5 shows an example of TDD UL HARQ timing scheduled by FDD cell. According to figure 5, UL index should be presented on UL grant in DL subframes on TDD cell to utilize several UL subframes on FDD cell. 
Proposal 6: For TDD as scheduling cell and FDD as scheduled cell, extension or addition of UL index should be considered to utilize all UL subframes on FDD cell. 
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Figure 5: Example of UL HARQ-ACK feedback for UL subframes for FDD cell scheduled by DL subframes on TDD cell with modified UL HARQ timing.
4. Conclusion
This contribution discussed the issues related to HARQ-ACK and DCI for TDD-FDD joint operation based on CA. We propose as follows:

Proposal 1: For FDD as PCell and TDD as SCell, if TDD SCell follows FDD PCell DL HARQ timing, HARQ-ACK feedback scheme can be based on HARQ-ACK feedback schemes for CA of FDD cells. 

Proposal 2: For FDD as PCell and TDD as SCell, if TDD SCell follows FDD PCell DL HARQ timing, DAI field on UL grant/DL assignment for scheduling TDD SCell can be removed. 

Proposal 3: For TDD as PCell and FDD as SCell, if FDD SCell follows TDD PCell DL HARQ timing, HARQ-ACK feedback can be based on the HARQ-ACK feedback schemes for CA of TDD cells. 

Proposal 4: If additional DL subframes on FDD SCell are utilized, modification on the HARQ-ACK feedback and DAI signalling/interpretation can be considered depending on the TDD-FDD UL/DL combination.
Proposal 5: For FDD as scheduling cell and TDD as scheduled cell, if modified UL HARQ timing is adopted for TDD UL/DL configuration 0, removal of UL index field can be considered for TDD UL/DL configuration 0. 

Proposal 6: For TDD as scheduling cell and FDD as scheduled cell, extension or addition of UL index should be considered to utilize all UL subframes on FDD cell. 
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