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1 Introduction

It has been confirmed in RAN1 #74b [1] to support TDD-FDD carrier aggregation with a minimum UE hardware requirement of two DL and one UL. The following list of issues for TDD-FDD CA was observed during the discussion in RAN1 #74b [1]:

· Following issues need to be clarified in TDD-FDD CA

· How many CCs are supported?

· How to support or whether or not to support Tx/RX separation?
· Whether or not to support half-duplex?

· Which minimum UE capability should be assumed?

· Whether or not cross-carrier scheduling is supported?
· Whether or not to support PUCCH on Pcell or Scell?
· How to support HARQ/scheduling?

· DL self-carrier scheduling

· UL self-carrier scheduling

· DL cross-carrier scheduling (if supported)

· UL cross-carrier scheduling (if supported)

In this contribution, we discuss baseline CA solutions targeting UEs with minimum required hardware capability and serving cell self-scheduling. We further address cross-carrier scheduling in [2], more details about PDSCH timing in [3] and CSI feedback enhancement in [4].

2 Baseline TDD-FDD carrier aggregation framework

For Rel-12 TDD-FDD CA, the minimum UE hardware requirement is the same as for Rel-10/11 CA. HARQ-ACK feedbacks for both FDD and TDD serving cells need to be transmitted on one UL serving cell. Since the minimum hardware UE has only one UL, the same Rel-10/11 principle of transmitting PUCCH only on the UL PCell should be reused. We note that if the PUCCH is not located at the Pcell it would require the UE to transmit PUCCH only on the Scell. If that is the case the UE would also need to transmit PUSCH and UL signals on the same Scell. In practice this means that the Scell have become the Pcell. This is due that if PUCCH is only transmitted on the Scell the UE cannot lose the radio link to the Scell either. Consequently the RLM needs to be introduced on the Scell. Another more straight forward option from the network side is simply instead to configure the Scell as Pcell. 

In Rel-10/11, the baseline operation is for each serving cell for a UE to send the scheduling information to the UE on the cell itself. The scheduling information transmission mechanism has also been substantially expanded by the introduction of EPDCCH in Rel-11. With the flexibility to configure the EPDCCH resource with different frequency resources, inter-layer/cell interference coordination can be achieved in a heterogeneous network even with self-scheduling. Therefore, self-scheduling with PDCCH and EPDCCH should be considered as the baseline solution for TDD-FDD CA. To avoid standardizing redundant features, clear scenario and benefit analysis should be provided to justify the need to cross-carrier scheduling for Rel-12 TDD-FDD CA considering the full mechanisms of EPDCCH have been completed in Rel-11.
Proposal 1 PUCCH is transmitted on the UL PCell.

Proposal 2 Self-scheduling with PDCCH/EPDCCH for both DL and UL is supported. Rel-12 TDD-FDD CA specifications work should focus on completing self-scheduling support first.

2.1 UL HARQ-ACK for self-scheduling case

With serving cell self-scheduling, all UL subframes in each serving cell can be scheduled via PDCCH/EPDCCH sent on the serving cell. Reusing the same Rel-10/11 principle, PHICH for a scheduled UL subframe should be transmitted on the serving cell carried the grant previously.

Proposal 3 In cell self-scheduling case, PHICH is transmitted on the scheduling cell.

2.2 DL HARQ-ACK timings for the self-scheduling case

The DL HARQ-ACK feedback timing for a SCell in Rel-11 interband TDD CA with different UL/DL configurations in different bands is resolved via a DL-reference UL/DL configuration. The DL-reference UL/DL configuration serves as pointer to existing DL HARQ-ACK feedback timing and procedures. This DL-reference UL/DL configuration framework can be reused for Rel-12 TDD-FDD CA. In this following, we discuss the solutions for the cases of FDD or TDD as PCell separately.
2.2.1 FDD as PCell Case

In the case of FDD as PCell, UL subframe is available in every subframe for DL HARQ-ACK feedback. The TDD SCell should adopt the HARQ-ACK timing of the FDD PCell, which is illustrated in Figure 1 for an example of FDD PCell and TDD configuration #2 SCell. With this setting, each TDD cell feedback has a bundling window of M=1 and HARQ-ACK bundling can mostly be avoided. The round trip time (RTT) of the DL HARQ processes on every serving cell is fixed to 8 ms.

Proposal 4 In case of FDD as PCell, DL HARQ-ACK timing of all serving cell follow the PCell DL HARQ-ACK timing.
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Figure 1 DL HARQ-ACK timing illustration of FDD PCell and TDD configuration #2 SCell, where the DL HARQ-ACK timing of the SCell follows that of the PCell (i.e., DL-reference configuration is #F).

2.2.2 TDD as PCell Case

In the case of TDD as PCell, the DL HARQ-ACK of the SCell should follow the timing determined by a DL-reference configuration. There are three options for the choice of the DL-reference configuration.

Option 1 The FDD SCell follows its own DL HARQ-ACK timing (i.e., n+4 subframes). An example of TDD configuration #1 PCell and FDD SCell is illustrated in Figure 2. There are four SCell DL subframes with HARQ-ACK feedback timing.
Option 2 The DL-reference configuration is always the same as the SIB1 UL/DL configuration of the TDD PCell. An example of TDD configuration #1 PCell and FDD SCell is illustrated in Figure 3, where the FDD SCell follows the DL HARQ-ACK timing determined by the DL-reference configuration #1. There are six SCell DL subframes with HARQ-ACK feedback timing.

Option 3 A DL- reference configuration different than the SIB1 UL/DL configuration of the TDD PCell may be adopted for the FDD SCell. An example of TDD configuration #1 PCell and FDD SCell is illustrated in Figure 4, where the FDD SCell follows the DL HARQ-ACK timing determined by the DL-reference configuration #2. There are eight SCell DL subframes with HARQ-ACK feedback timing.

With Option 1, the number of DL subframes on the FDD SCell with HARQ-ACK feedback timings is the same as the number of UL subframes on the TDD PCell. With Option 2, the number of DL subframes on the FDD SCell with HARQ-ACK feedback timings is the same as the number of DL subframes on the TDD PCell. With Option 3, appropriate choice of the DL-reference configuration may enable more FDD SCell DL subframes to be usable. For the example of TDD configuration #1 PCell and FDD SCell illustrated in Figure 3 and Figure 4, the number of usable SCell DL subframes increases from 6 to 8.
Proposal 5 In case of TDD as PCell, DL HARQ-ACK timing of the SCell is determined by a DL-reference configuration.
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Figure 2 DL HARQ-ACK timing illustration of TDD configuration #1 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell follows its own timing (i.e., DL-reference configuration is #F).
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Figure 3 DL HARQ-ACK timing illustration of TDD configuration #1 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined by PCell UL/DL configuration (i.e., DL-reference configuration is #1).
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Figure 4 DL HARQ-ACK timing illustration of TDD configuration #1 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined by DL-reference configuration #2.

2.2.2.1 Potential enhancements

Since every TDD UL/DL configuration contains at least one UL subframe, it can be observed that no DL-reference configuration based on the existing seven TDD UL/DL configurations can enable all FDD SCell DL subframes to have HARQ-ACK feedback timings. It may hence be worth further study whether simple extensions to the DL HARQ-ACK subframe association sets can be devised to enable more usable FDD SCell DL subframes. Examples of such enhancements are discussed in [3].
Proposal 6 In case of TDD as PCell, study further whether simple extensions to the DL HARQ-ACK subframe association sets can be devised to enable more usable FDD SCell DL subframes.

3 Conclusions

We discussed a baseline framework for Rel-12 TDD-FDD carrier aggregation solutions targeting UEs with minimum required hardware capability. We propose:
Proposal 1 PUCCH is transmitted on the UL PCell.

Proposal 2 Self-scheduling with PDCCH/EPDCCH for both DL and UL is supported. Rel-12 TDD-FDD CA specifications work should focus on completing self-scheduling support first.

For the serving cell self-scheduling case:

Proposal 3 PHICH is transmitted on the scheduling cell.

Proposal 4 In case of FDD as PCell, DL HARQ-ACK timing of all serving cell follow the PCell DL HARQ-ACK timing.

Proposal 5 In case of TDD as PCell, DL HARQ-ACK timing of the SCell is determined by a DL-reference configuration.

Proposal 6 In case of TDD as PCell, study further whether simple extensions to the DL HARQ-ACK subframe association sets can be devised to enable more usable FDD SCell DL subframes.
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