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1 Introduction
In RAN #61, an updated work item on LTE FDD-TDD joint operation was approved [1]. In RAN1#74bis, the following were agreed for TDD-FDD CA [2]:

· Ideal backhaul is assumed for TDD-FDD CA
· TDD and FDD cells are synchronized
· The followings are supported when designing Rel-12 TDD-FDD carrier aggregation:

· Maximum supported number of aggregated CC is 5

· Aggregation of different UL/DL configurations for TDD carriers on different bands is supported

· Same UL/DL configuration should be applied for intra-band CA

· A TDD-FDD CA-capable UE supports TDD-FDD DL CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA

· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL

· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded
In RAN1#75, the following were agreed for TDD-FDD CA [3]:

· 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
However, there is still no detailed discussion on UCI transmission. In this contribution we discuss the UCI transmission with PUCCH on PCell only for the FDD-TDD CA solution.
2 UCI transmission with FDD as PCell
For FDD as PCell, it has been agreed that the FDD DL HARQ timing is used for both FDD serving cell(s) and TDD serving cell(s) at least in the self carrier scheduling case. Considering that for each TDD serving cell at most one DL subframe needs to feedback ACK/NACK in an UL subframe, FDD-TDD CA is similar as FDD CA. Hence, UCI transmission scheme on PUCCH and PUSCH defined for FDD CA in Rel-10/11 can be reused.
The following enhancements can be considered to improve the performance for FDD-TDD CA:
· For FDD-TDD CA UE configured with PUCCH format 3 and transmitting ACK/NACK on PUCCH, or for FDD-TDD CA UE configured with PUCCH format 3 or PUCCH format 1b with channel selection and transmitting ACK/NACK on PUSCH, the number of ACK/NACK bits transmitted in an UL subframe can exclude the subframe on the TDD serving cell(s), if the associated subframe is an UL subframe on the TDD serving cell(s). This method can reduce the effective number of ACK/NACK bits transmitted on PUCCH and PUSCH, and improve the performance by increasing the coding gain on PUCCH and reducing the impact on UL-SCH on PUSCH.
· For FDD-TDD CA UE configured with PUCCH format 1b with channel selection and two serving cells, when both ACK/NACK and SR are transmitted in an UL subframe, SR and ACK/NACK shall follow the scheme of FDD with PUCCH format 1a/1b transmission, if the associated subframe is an UL subframe on the TDD serving cell. That is, in such an UL subframe, the UE shall transmit the ACK/NACK on its assigned ACK/NACK PUCCH format 1a/1b resource for a negative SR transmission and transmit the ACK/NACK on its assigned SR PUCCH resource for a positive SR transmission. This method can avoid the per serving cell ACK/NACK spatial bundling as required in the ACK/NACK and SR simultaneous transmission scheme for FDD UE with PUCCH format 1b with channel selection in Rel-10/11.
Generally, the above UCI transmission scheme on PUCCH/PUSCH can be used for both UEs capable of full duplex operation on the FDD and TDD serving cells and UEs capable of half duplex operation on the FDD and TDD serving cells. Also, the above UCI transmission scheme on PUCCH/PUSCH can be used for both self-carrier scheduling and cross-carrier scheduling.
Based on the above discussions, we have the following proposals:

Proposal 1: In case of FDD as PCell, the Rel-10/11 FDD CA UCI transmission scheme on PUCCH/PUSCH shall be largely reused for FDD-TDD CA.

Proposal 2: In case of FDD as PCell, enhancements on the number of ACK/NACK bits, and ACK/NACK + SR transmission on PUCCH shall be further considered for FDD-TDD CA.
3 UCI transmission with TDD as PCell
As concluded in RAN1#75 [3], the following two methods shall be further discussed for the DL HARQ timing design of FDD serving cell with self-carrier scheduling when TDD is used as PCell. Considering the discussion on the DL HARQ timing for a cross-carrier scheduled FDD serving cell is still ongoing, and there is no conclusion on supporting cross-carrier scheduling or not yet, in this section, we only discuss the self-carrier scheduling case.
· Option 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· If UL/DL configuration 5 is used, the number of HARQ processes is less than 17
· Option 2-c: The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations
· The DL reference TDD U/D configuration is configured by higher layers
When option 1 is adopted for FDD DL HARQ timing, considering that new M value such as M=5 and M=6 shall be introduced by the new FDD DL HARQ timing, the number of ACK/NAK to be transmitted in an UL subframe can be larger than that in Rel-11, and hence UCI transmission scheme on PUCCH and PUSCH defined for TDD inter-band CA with different TDD UL-DL configurations in Rel-11 may not be suitable for all FDD-TDD CA cases. Either a PUCCH transmission scheme with more payload bits shall be introduced, or the number of aggregated FDD/TDD serving cells shall be limited. It shall be further discussed whether PUCCH format 1b with channel selection can be use for ACK/NACK transmission when M=5 and M=6, and if yes, enhancement on PUCCH format 1b with channel selection with M=5 and M=6 shall be further considered.
When option 2-c is adopted for FDD DL HARQ timing, FDD-TDD CA is similar as TDD inter-band CA with different TDD UL-DL configurations. Hence, UCI transmission scheme on PUCCH and PUSCH defined for TDD inter-band CA with different TDD UL-DL configurations in Rel-11 can be reused.
The following enhancements can be further considered to improve the UCI transmission performance for FDD-TDD CA:
· For both option 1 and option 2-c, there may be more than one DL subframe that need to feedback ACK/NACK in an UL subframe. Hence, for ACK/NACK transmitted on either PUCCH or PUSCH, DL DAI field in FDD DL grant is required to generate the ACK/NACK feedback sequence of the FDD serving cell. UL DAI field in FDD UL grant may also be required to effectively control the number of ACK/NACK bits transmitted on PUSCH scheduled by the FDD serving cell.
Generally, the above UCI transmission scheme on PUCCH/PUSCH can be used for both UEs capable of full duplex operation on the FDD and TDD serving cells and UEs capable of half duplex operation on the FDD and TDD serving cells. 
Based on the above discussions, we have the following proposals:

Proposal 3: In case of TDD as PCell and PDSCH HARQ timing of a self-carrier scheduled FDD SCell following a DL reference UL-DL configuration (option 2-c), the UCI transmission scheme on PUCCH and PUSCH defined for TDD CA with different TDD UL-DL configurations in Rel-11 shall be largely reused for FDD-TDD CA.

Proposal 4: In case of TDD as PCell, DL/UL DAI in DCI for FDD shall be considered for FDD-TDD CA.
4 Conclusions
In this contribution, we discuss the UCI transmission scheme for FDD-TDD CA solution, and have the following proposals:

Proposal 1: In case of FDD as PCell, the Rel-10/11 FDD CA UCI transmission scheme on PUCCH/PUSCH shall be largely reused for FDD-TDD CA.

Proposal 2: In case of FDD as PCell, enhancements on the number of ACK/NACK bits, and ACK/NACK + SR transmission on PUCCH shall be further considered for FDD-TDD CA.
Proposal 3: In case of TDD as PCell and PDSCH HARQ timing of a self-carrier scheduled FDD SCell following a DL reference UL-DL configuration (option 2-c), the UCI transmission scheme on PUCCH and PUSCH defined for TDD CA with different TDD UL-DL configurations in Rel-11 shall be largely reused for FDD-TDD CA.

Proposal 4: In case of TDD as PCell, DL/UL DAI in DCI for FDD shall be considered for FDD-TDD CA.
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