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1. Introduction

RAN1 has been specifying TDD-FDD CA (carrier aggregation) for LTE Rel-12. In RAN1#75, the following aspects were agreed for TDD-FDD CA operation [1].

	· For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA

· Discuss further whether or not to additionally support PUCCH on SCell

· FFS: TDM switching between Pcell and Scell PUCCH
· 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
· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing Scell timing regardless whether SCell is TDD or FDD
· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing


In addition, further details on HARQ timing for TDD-FDD CA are under discussion on RAN1 email reflector. New HARQ timing definition also leads to some changes on the DCI which transports downlink or uplink scheduling information and requests for aperiodic SRS transmission.

In this paper, we discuss the UE’s DCI with TDD-FDD CA under the agreements or common assumptions on HARQ timing for TDD-FDD CA.

2. Differences of DCI depending on the frame structure type
In Rel-11, DCI fields of DL/UL DAI, UL index, HARQ process number, and aperiodic SRS request are different in field size or their presence depending on the frame structure type. 
DL/UL DAI field

DAI field is adopted for TDD to support HARQ-ACK transmission in a UL subframe associated to multiple DL subfames. It is caused by the DL subframe heavy configuration comparing UL subframe (i.e. M>1, where M is number of DL subframes associated to a UL subframe) in TDD UL-DL configurations 1~5. However, even though M=1 for UL-DL configurations 0 and 6, DAI field is still reserved to keep DCI consistency for TDD (*UL DAI does not exist for UL-DL configuration 0 due to necessity for UL index).
For TDD-FDD CA, the same principle can be applied. That is, if HARQ-ACK timing for a scheduled cell follows FDD timing, DCI for the cell dispenses with DAI field, while if HARQ-ACK timing for a scheduled cell follows TDD timing, DCI for the cell reserves DAI field.

Note that, UL DAI can help reducing redundant HARQ-ACK piggyback on PUSCH if DL reference configuration 1,2,3,4, or 5. However, if UL index is introduced for UL DCI, UL DAI can be omitted not to extend UL DCI format size. 
UL index
UL index field is adopted for TDD UL/DL configuration 0 to support multiple subframe scheduling due to UL subframe heavy configuration.
For the TDD-FDD CA, the same principle can be applied. That is, if PUSCH HARQ timing for a scheduled cell follows TDD configuration 0, DCI for the cell reserves UL index field.
HARQ process number field
The maximum number of HARQ processes has been decided depending on the HARQ timing. The maximum number of HARQ processes for FDD is 8, and those for TDD UL-DL configurations 0,1,2,3,4,5, and 6 are 4,7,10,9,12,15, and 6 respectively. Therefore, HARQ process field for FDD reserves 3 bits and that for TDD reserves 4 bits. Even though the maximum number of HARQ processes for TDD UL-DL configurations 0,1, and 6 are less than 8, the field still reserves 4 bits to keep DCI consistency for TDD.
For the TDD-FDD CA, the same principle can be applied. That is, if HARQ-ACK timing for a scheduled cell follows FDD timing, HARQ process field for the cell reserves 3bits, while if HARQ-ACK timing for a scheduled cell follows TDD timing, HARQ process field for the cell reserves 4bits.
Aperiodic SRS request field
In Rel-10, regardless of TDD or FDD, aperiodic SRS request field of 2 bits always fixed for DCI format 4, and 1 bit is present on the DCI format 0 and 1A only when the aperiodic SRS configured. In addition, especially for TDD, 1 bit can be present in the DCI format 2B, 2C and 2D only when the aperiodic SRS configured in order to have more chances with DL DCI format to trigger aperiodic SRS because UL scheduling chances for TDD are less than FDD.
Therefore, the issue is whether to include SRS request field in the DCI format 2B, 2C, 2D when the aperiodic SRS configured for the TDD-FDD CA. For the TDD-FDD CA, the same principle can be applied. If a scheduled cell is TDD cell, 1 bit is present in the DCI format 2B, 2C and 2D only when the aperiodic SRS configured.

3. Conclusion
This contribution discussed the issues on the DCI fields to support TDD-FDD CA. Based on the discussion above, we propose as follows:

Proposal 1: If HARQ-ACK timing for a scheduled cell follows FDD timing, DCI for the cell dispenses with DAI field, while if HARQ-ACK timing for a scheduled cell follows TDD timing, DCI for the cell reserves DAI field.

Proposal 2: If UL index is introduced for UL DCI, UL DAI can be omitted not to extend UL DCI format size. 
Proposal 3: If PUSCH HARQ timing for a scheduled cell follows TDD configuration 0, DCI for the cell reserves UL index field.
Proposal 4: If HARQ-ACK timing for a scheduled cell follows FDD timing, HARQ process field for the cell reserves 3bits, while if HARQ-ACK timing for a scheduled cell follows TDD timing, HARQ process field for the cell reserves 4bits
Proposal 5: If a scheduled cell is TDD cell, 1 bit is present in the DCI format 2B, 2C and 2D only when the aperiodic SRS configured.
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