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1 Introduction

In previous RAN1 meeting there has been agreements on the HARQ timing design in case of FDD being the Pcell. There will in addition be discussion on how the define the HARQ timing for the case of TDD Pcell case, our view on this topic is provided in [1]. One detail remaining design questions is how to design the DCI formats when operating TDD-FDD CA. This topic we expand on in this contribution.

2 DCI format design for TDD – FDD CA

When discussion which DCI format to assume one has to consider whether the discussed cell is either the Pcell or SCell, whether TDD or FDD is operating on the cell and whether self-scheduling or cross-carrier scheduling is used. In the following discussion we try to highlight each of these cases separately and defined the corresponding DCI format design based on it. 

The first case to discuss is which DCI format to apply on the Pcell. The relevant agreement for this discussion is the following on, that was taken at RAN1 #75:

For the case of PUCCH transmission on PCell only:

For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier

….

Since the HARQ timing does not change on the PCell, the corresponding number of HARQ processes does not change and neither when in time the feedback is reports. Consequently there is neither no need to change the DCI format on the PCell.

Proposal

· The UL/DL DCI format for the PCell does not need to be changed

2.1 Self -scheduling
For self-scheduling design we need to consider whether a PCell is operating TDD or FDD. Here we start with describing the DCI format design for the case when FDD is Pcell and followed by the TDD Pcell case. 

In case of downlink scheduling on a TDD SCell the HARQ timing is following the FDD Pcells timing. Consequently there is no need to indicate any DL DAI in any of the DCI formats, as it will not be utilized. This is true independent from if the HARQ feedback is report on PUCCH or PUSCH. In case uplink scheduling the UL DAI would be needed to be used in case TDD UL/DL configuration of the TDD SCell is configuration 0. This in order to select which UL subframe(s) is scheduled.  However, if the TDD UL/DL configuration of the TDD SCell is of configuration 1~6 the UL DAI is not utilized.

Proposal

FDD PCell

· For PDSCH transmitted on TDD SCell, use the FDD DL DCI format

· For PUSCH transmitted on TDD SCell,

· Use the TDD UL DCI format for TDD UL-DL configuration 0 

· Use the FDD UL DCI format for TDD UL-DL configuration 1~6

For the second case, i.e. the Pcell is operating TDD and in the case of downlink scheduling on an FDD Pcell, the HARQ timing will in some way be connected to the TDD Pcells HARQ timing. Exactly how the HARQ timing will be is not defined, but it does not matter for defining the used DCI format design. For this case there would be a need to utilize the DL DAI on the FDD Scell. In case of UL scheduling on the FDD Scelll together with HARQ feedback in the corresponding PUSCH transmission the UL DAI format is used to set the HARQ feedback code book size for all TDD UL/DL configurations except #0. Correspondingly, since the FDD Scell is not operating according the TDD UL/DL configuration #0, there would be a need to utilize the UL DAI to set the codebook size assume that we should reuse the inter-band TDD work from Rel-11. 
Proposal

TDD PCell

· For PDSCH transmitted on FDD SCell, use the TDD DL DCI format

· For PUSCH transmitted on FDD SCell, use the TDD UL DCI format

2.2 Cross-carrier scheduling

The existence of cross-carrier scheduling has not been settled when this contribution is written, but assuming that it does exist there would be a need to define the DCI formats used for it in a similar way as for the self-scheduling case. There may be some impact here depending on which cross-carrier scheduling design is chosen, but assuming the cross-carrier scheduling design in [2], it would be possible to use the same DCI format design for both self-scheduling and cross-carrier scheduling as the analysis are the same as for the self-scheduling case.

Proposal

· For cross-carrier scheduling use the same DCI format design as for self-scheduling
3 Conclusions

In this contribution we discuss the DCI format design when operating TDD FDD CA. Based on the analysis in the contribution we proposed the following. 

DCI format on the PCell
· The UL/DL DCI format for the PCell does not need to be changed

DCI format on the SCell

Self-carrier scheduling and cross-carrier scheduling
FDD PCell

· For PDSCH transmitted on TDD SCell, use the FDD DL DCI format

· For PUSCH transmitted on TDD SCell,

· Use the TDD UL DCI format for TDD UL-DL configuration 0 

· Use the FDD UL DCI format for TDD UL-DL configuration 1~6

TDD PCell

· For PDSCH transmitted on FDD SCell, use the TDD DL DCI format

· For PUSCH transmitted on FDD SCell, use the TDD UL DCI format
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