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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 deployment scenario and potential solutions for FDD-TDD joint operation were agreed [2]:

· Scenarios to be supported by TDD-FDD joint operation:
· FDD+TDD co-located (CA scenarios 1-3), and FDD+TDD non-co-located with ideal backhaul (CA scenario 4)

· FDD+TDD non-co-located (small cell scenarios 2a, 2b, and macro-macro scenario), with non-ideal backhaul, subject to the outcome of the non-ideal backhaul related study items where relevant.
· Possible solutions for TDD-FDD joint operation:

· The LTE TDD-FDD carrier aggregation solution according to the agreement in RP-130888 is identified for TDD-FDD joint operation solution in case ideal-backhaul is assumed.

· If it is decided to specify dual connectivity as a result of the RAN2 small cell enhancement SI, and it is decided to support a solution that is not based on CA for TDD-FDD joint operation, then it would be desirable that the dual connectivity feature would be designed to support TDD-FDD dual connectivity in the applicable scenarios, in addition to TDD-TDD and FDD-FDD dual connectivity. 

· Identify whether there are any relevant scenarios and requirements that are not satisfied by the above two bullets, and if so, identify appropriate solutions.
In this contribution we discuss the UCI transmission for the FDD-TDD CA solution.
2 UCI transmission with FDD as PCell
For FDD as PCell, one simple design for DL HARQ timing is to use FDD DL HARQ timing for both FDD serving cell(s) and TDD serving cell(s) as shown in [3]. 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 as if FDD with PUCCH format 1a/1b transmission, if the associated subframe is an UL subframe on the TDD serving cell(s). 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 observations:

Observation 1: In case FDD as PCell, the Rel-10/11 FDD UCI transmission scheme on PUCCH/PUSCH can be largely reused for FDD-TDD CA.
Observation 2: In case FDD as PCell, enhancements on the number of ACK/NACK bits, and ACK/NACK + SR transmission on PUCCH can be further considered for FDD-TDD CA.
3 UCI transmission with TDD as PCell
As shown in [4], there are generally the following three alternatives for the DL HARQ timing design of FDD serving cell when TDD is used as PCell. Different designs of FDD DL HARQ timing may lead to different UCI transmission schemes. 
· Alt 1: DL HARQ timing of FDD follows the TDD DL HARQ timing of the PCell
· Alt 2: DL HARQ timing of FDD follows a TDD DL HARQ timing corresponding to a reference TDD UL-DL configuration
· Alt 3: DL HARQ timing of FDD follows a new DL HARQ timing with all DL subframes having ACK/NACK feedback in the UL subframes on TDD PCell
When Alt 1 is adopted for FDD DL HARQ timing, considering that the DL subframes on FDD SCell with ACK/NACK feedback are the same as the TDD PCell, FDD-TDD CA is similar as TDD CA with same TDD UL-DL configuration on different serving cells. Hence, UCI transmission scheme on PUCCH and PUSCH defined for TDD CA with same TDD UL-DL configuration on different serving cells in Rel-10/11 can be reused. 
When Alt 2 is adopted for FDD DL HARQ timing, considering that FDD DL HARQ timing corresponds to a reference TDD UL-DL configuration which may be different from that of the TDD PCell, 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.
When Alt 3 is adopted for FDD DL HARQ timing, UCI transmission scheme on PUCCH and PUSCH defined for TDD inter-band CA with different TDD UL-DL configurations in Rel-11 can be largely reused by using the PCell TDD DL HARQ timing and the new DL HARQ timing.

The following enhancements can be further considered to improve the UCI transmission performance for FDD-TDD CA:

· For all the three alternatives, there may be more than one DL subframe that needs 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 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 FDD serving cell.
· For Alt 3 and when UE transmits ACK/NACK on PUCCH, the number of ACK/NAK to be transmitted in an UL subframe can be larger than that in Rel-11. Hence, either a PUCCH transmission scheme with more payload bits shall be introduced, or the number of aggregated FDD/TDD serving cells shall be limited. Depending on the adopted new DL HARQ timing for the FDD serving cell, it shall be further discussed whether enhancement on PUCCH format 1b with channel selection is necessary. 
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 observations:

Observation 3: In case TDD as PCell and FDD serving cell following the PCell TDD DL HARQ timing, the UCI transmission scheme on PUCCH and PUSCH defined for TDD CA with same TDD UL-DL configuration in Rel-10/11 can be largely reused for FDD-TDD CA.
Observation 4: In case TDD as PCell and FDD serving cell following a TDD DL HARQ timing corresponding to a reference TDD UL-DL configuration or FDD serving cell following a new DL HARQ timing, the UCI transmission scheme on PUCCH and PUSCH defined for TDD CA with different TDD UL-DL configurations in Rel-11 can be largely reused for FDD-TDD CA.
Observation 5: In case 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 observations:

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

Observation 2: In case FDD as PCell, enhancements on the number of ACK/NACK bits, and ACK/NACK + SR transmission on PUCCH can be further considered for FDD-TDD CA.
Observation 3: In case TDD as PCell and FDD serving cell following the PCell TDD DL HARQ timing, the UCI transmission scheme on PUCCH and PUSCH defined for TDD CA with same TDD UL-DL configuration in Rel-10/11 can be largely reused for FDD-TDD CA.

Observation 4: In case TDD as PCell and FDD serving cell following a TDD DL HARQ timing corresponding to a reference TDD UL-DL configuration or FDD serving cell following a new DL HARQ timing, the UCI transmission scheme on PUCCH and PUSCH defined for TDD CA with different TDD UL-DL configurations in Rel-11 can be largely reused for FDD-TDD CA.

Observation 5: In case TDD as PCell, DL/UL DAI in DCI for FDD shall be considered for FDD-TDD CA.
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