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1 Introduction
In RAN #60, a new WI on LTE FDD-TDD joint operation was approved, and FDD-TDD CA supporting either TDD or FDD as PCell shall be introduced. The main specification work of FDD-TDD CA in the physical layer is the PDSCH and PUSCH HARQ/scheduling timing design, which depends on whether FDD or TDD carrier is used as PCell. In [1] [2], the PDSCH and PUSCH timing with TDD as PCell for FDD-TDD CA is discussed, respectively. In this contribution, we discuss PDSCH/PUSCH timing with FDD as PCell for FDD-TDD CA.
2 Discussion

FDD-TDD CA is analogous to the Rel-11 work on TDD inter-band CA with different UL-DL configurations. Hence, it is reasonable to reuse the proper designs for Rel-12 FDD-TDD CA, e.g.:
· PDSCH on PCell follows PCell PDSCH timing

· PUSCH follows the serving cell PUSCH timing in case of self-carrier scheduling.
· PHICH should be transmitted on the cell carrying the UL grant.
For UEs supporting (and configured with) UL CA with TDD and FDD carriers, it is possible to have independent HARQ feedback on the TDD and FDD carriers respectively [3], for which the existing PDSCH HARQ timing is sufficient. However, for UEs not supporting UL CA, PUCCH on PCell-only shall be kept. In this contribution, the HARQ/scheduling timing design mainly focuses on:

· The PDSCH on SCell in case of PUCCH on PCell-only, and 
· The PUSCH on SCell in case of cross-carrier scheduling.
To discuss PDSCH/PUSCH timing on TDD SCell with FDD as PCell, the following three possible deployments should be considered respectively:

Case 1: DL subframes on TDD SCell are unusable due to TDD/FDD carrier half duplex.
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Figure 1: DL subframes on TDD carrier are unusable
The benefit of this case is UL bandwidth extension in some subframes with cross-carrier scheduling. However, this scenario requires that an uplink serving cell can be configured for a UE without the corresponding DL serving cell, which has not been supported for carrier aggregation so far. Therefore, it needs to be discussed first whether this case shall be supported in Rel-12. 
If this case is supported for Rel-12 FDD-TDD CA, the timing design for this case shall only focus on PUSCH timing with cross-carrier schedulng, since DL and UL grant cannot be transmitted on the TDD carrier. PUSCH on TDD SCell following the PUSCH timing corresponding to SCell SIB1 TDD UL-DL configuration is the most straightforward approach. However, PHICH resource collision may exist for this case. One example is shown in Figure 2, where the PHICH in subframe #15 corresponds to PUSCH in subframe #11 on FDD PCell and also corresponds to PUSCH in subframe #8 on TDD SCell, while the corresponding UL grants are transmitted in subframe #7 and subframe #1 respectively. If the lowest PRB index of the PUSCH in subframe #8 on TDD SCell is the same as the PUSCH in subframe #11 on FDD SCell, PHICH will collide in subframe #15. The following solutions can be considered to resolve the problem:
· Option 1: The eNB scheduler avoids the collision.

· Option 2: PHICH for PUSCH on TDD SCell is not used when the TDD PUSCH HARQ timing is longer than 4ms. 
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Figure 2: PHICH collision
Observation 1: It shall be first discussed whether to support the FDD-TDD CA deployment with FDD as PCell and DL subframes on TDD SCell unusable.

Observation 2: If it is supported to have FDD-TDD CA deployment with FDD as PCell and DL subframes on TDD SCell unusable, then
· PDSCH timing on TDD SCell is not needed.

· Only cross-carrier scheduling is supported for PUSCH on TDD SCell.
· PUSCH on TDD SCell should follow the serving cell PUSCH timing.
· It shall be supported to configure an uplink serving cell for a UE without the corresponding downlink serving cell configured for the UE.
Case 2: UL subframes on TDD SCell are unusable due to TDD/FDD carrier half duplex.
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Figure 3: UL subframes on TDD carrier are unusable
The benefit of this case is DL bandwidth extension in some subframes. PUSCH cannot be scheduled on TDD SCell. Therefore, the timing design for this case shall focus on PDSCH timing. Since UL subframes on TDD SCell are unusable, PUCCH shall be only carried on PCell. For both self-carrier scheduling and cross-carrier scheduling, PDSCH on TDD SCell should follow the FDD PDSCH HARQ timing. UCI transmission for Rel-11 FDD CA can be reused.
Observation 3: When UL subframes on TDD SCell are unusable for FDD-TDD CA with FDD as PCell,
· PDSCH on TDD SCell should follow the FDD PDSCH timing.

· UCI transmission for Rel-11 FDD CA can be reused.
· PUSCH timing on TDD SCell is not needed.

Case 3: All subframes on TDD SCell are usable.
PDSCH on TDD SCell should follow the FDD PDSCH HARQ timing for both self-carrier scheduling and cross-carrier scheduling. UCI transmission for Rel-11 FDD CA can be reused.
Similar as case 1, for PUSCH timing with cross-carrier scheduling, the PUSCH timing corresponds to SCell SIB1 TDD UL-DL configuration shall be used by TDD SCell. 

Observation 4: When all subframes on TDD SCell are usable for FDD-TDD CA with FDD as PCell,

· PDSCH on TDD SCell should follow the FDD PDSCH timing.

· UCI transmission for Rel-11 FDD CA can be reused.
· PUSCH on TDD SCell should follow the serving cell PUSCH timing.

The summary of PDSCH/PUSCH timing on TDD SCell with FDD as PCell is shown in Table 1.
Table 1: Summary of PDSCH/PUSCH timing on TDD SCell with FDD as PCell and with PCell-only PUCCH
	
	Case 1: DL subframes on TDD carrier are unusable
	Case 2: UL subframes on TDD carrier are unusable
	Case 3: All subframes on TDD carrier are usable

	PDSCH timing
	×
	FDD PDSCH timing
	FDD PDSCH timing

	PUSCH timing
	Self-carrier scheduling
	×
	×
	TDD PUSCH timing

	
	Cross-carrier scheduling
	TDD PUSCH timing
	×
	TDD PUSCH timing


3 Conclusions
In this contribution, we discuss PDSCH/PUSCH timing for Rel-12 FDD-TDD CA, with the following proposals:

· Proposal 1: PDSCH on PCell follows PCell PDSCH timing
· Proposal 2: PUSCH follow the serving cell PUSCH timing in case of self-carrier scheduling
· Proposal 3: PHICH should be transmitted on the cell carrying the UL grant.
We further discuss the PDSCH/PUSCH timing for TDD SCell with FDD as PCell and PUCCH on PCell-only. It is proposed to first decide whether to support the FDD-TDD CA with FDD as PCell and DL subframes on TDD SCell unusable. Furthermore, the proposed PDSCH/PUSCH timing in section 2 should be considered. 
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