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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 a new UE behaviour on UL HARQ-ACK transmission and other UCI transmissions such as SR (scheduling request) and CSI. In this paper, we discuss the UE’s UCI transmission behaviour with TDD-FDD CA under the agreements or common assumptions on HARQ timing for TDD-FDD CA.

2. FDD PCell and TDD SCell case
2.1. Principle in UCI transmission
For the FDD PCell and TDD SCell case, for self-carrier scheduling, it was already agreed that TDD SCell DL HARQ timing follows FDD PCell’s one [1]. For cross-carrier scheduling case, it seems to be agreed that TDD SCell DL HARQ timing follows FDD PCell’s one as well [2]. Therefore, there will be maximum 1 DL subframe in a TDD SCell corresponding to the UL subframe in FDD PCell for UL HARQ-ACK transmission. In this case, simplest strategy to transmit HARQ-ACK for the aggregated cells is to apply HARQ-ACK transmission schemes for CA of FDD cell. Hence, we suggest the following.

Suggestion 1: When a UE configured with a FDD PCell is also configured with one or more TDD SCells, UL HARQ-ACK transmission and multiplexing with PUSCH/SR/CSI on a subframe corresponding to the PDSCH or DL SPS release follows the case where multiple FDD serving cells are aggregated.
The followings can be examples of applying this principle. However, we may specify the general UE behaviour as in suggestion 1 above rather than specifying every detail.

Example 1-1) When a UE is configured with a FDD PCell and a TDD SCell and configured with ACK/NACK channel selection, the UE should use ACK/NACK channel selection table defined for FDD CA as in section 10.1.2.2.1 in TS36.213 [3]

Example 1-2) When a UE is configured with a FDD PCell and a TDD SCell and configured with ACK/NACK channel selection, in a UL subframe configured with SR resource, UE transmits 2 bits HARQ-ACK with spatial bundling for each cell on SR resource when the scheduling request is transmitted.
2.2. Additional principle for FDD PCell and TDD SCell CA
However, differently from the FDD CA case, there will be often the case where a subframe on a TDD SCell corresponding to the UL HARQ-ACK transmission on FDD PCell is defined as UL subframe in TDD-FDD CA case. In this case, it is natural way for HARQ-ACK overhead reduction to not define HARQ-ACK transmission on those subframes for the TDD cell. Therefore, we suggest the following.
Suggestion 2: When a UE configured with a FDD PCell is also configured with one or more TDD SCells, UL HARQ-ACK transmission and multiplexing with PUSCH/SR/CSI on subframe n corresponding to the PDSCH or DL SPS release on subframe n-k does not take account for a TDD SCell whose subframe n-k is defined as UL.

The followings can be examples of applying this additional principle.

Example 2-1) When a UE configured with a FDD PCell is also configured with one or more TDD SCells, for HARQ-ACK transmission on PUCCH format 3 or PUSCH on subframe n corresponding to PDSCH or SPS release on subframe n-k, HARQ-ACK codebook size does not take account for a TDD SCell whose subframe n-k. is defined as UL.
Example 2-2) When a UE configured with a FDD PCell is also configured with one or more TDD SCells and no FDD SCell, for HARQ-ACK transmission on subframe n corresponding to PDSCH or SPS release on subframe n-k, HARQ-ACK transmission follows single FDD cell case if all the TDD SCell’s subframe n-k is defined as UL.
3. TDD PCell and FDD SCell case
3.1. Principle in UCI transmission

For the TDD PCell and FDD SCell case, FDD SCell DL HARQ timing for both self-carrier scheduling and cross-carrier scheduling cases is under email discussion. However, it seems common approach for all the alternative solutions on table that FDD SCell is treated as like TDD cell in the DL HARQ timing aspect. That is, UL HARQ-ACK corresponding to multiple subframes on FDD SCell DL carrier can be transmitted on single subframe. Therefore, simplest strategy to transmit UL HARQ-ACK for the aggregated cells in this case is to apply HARQ-ACK transmission schemes for CA of TDD cell. Hence, we suggest the following.
Suggestion 3: When a UE configured with a TDD PCell is also configured with one or more FDD SCells, UL HARQ-ACK transmission and multiplexing with PUSCH/SR/CSI on a subframe corresponding to the PDSCH or DL SPS release follows the case where multiple TDD serving cells are aggregated.

The followings can be examples of applying this principle. However, we may specify the general UE behaviour as in suggestion 3 above rather than specifying every detail.

Example 3-1) When a UE is configured with a TDD PCell and a FDD SCell and configured with ACK/NACK channel selection, the UE should use ACK/NACK channel selection table defined for TDD CA as in section 10.1.3.2.1 in TS36.213 [3]

Example 3-2) When a UE is configured with a TDD PCell and a FDD SCell and configured with ACK/NACK channel selection, in a UL subframe configured with SR resource, UE transmits 2 bits HARQ-ACK counter on SR resource when the scheduling request is transmitted.
4. Conclusion
In this paper, we discussed the UE’s UCI transmission behaviour with TDD-FDD CA under the agreements or common assumptions on HARQ timing for TDD-FDD CA. Suggestions of this paper are summarized below.
Suggestion 1: When a UE configured with a FDD PCell is also configured with one or more TDD SCells, UL HARQ-ACK transmission and multiplexing with PUSCH/SR/CSI on a subframe corresponding to the PDSCH or DL SPS release follows the case where multiple FDD serving cells are aggregated.

Suggestion 2: When a UE configured with a FDD PCell is also configured with one or more TDD SCells, UL HARQ-ACK transmission and multiplexing with PUSCH/SR/CSI on subframe n corresponding to the PDSCH or DL SPS release on subframe n-k does not take account for a TDD SCell whose subframe n-k is defined as UL.

Suggestion 3: When a UE configured with a TDD PCell is also configured with one or more FDD SCells, UL HARQ-ACK transmission and multiplexing with PUSCH/SR/CSI on a subframe corresponding to the PDSCH or DL SPS release follows the case where multiple TDD serving cells are aggregated.
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