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1 Introduction
In RAN #60, a new work item 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. The PDSCH timing design mainly depends on the following factors:
· UE capability on UL CA

· FDD or TDD carrier as PCell

· UE full duplex or half duplex operation on the TDD and FDD carriers
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, for which the existing PDSCH HARQ timing is sufficient. On the other hand, UCI transmission on a SCell shall be specified [1].

For UEs not supporting UL CA with TDD and FDD carriers, PUCCH shall be carried only on PCell. Similar as Rel-11 TDD inter-band CA with different UL-DL configurations on different bands, the PDSCH on PCell shall follow the PCell HARQ timing. Therefore, the PDSCH timing design shall focus on the PDSCH on SCell. In [2], the PDSCH timing on TDD SCell with FDD as PCell is discussed. In this contribution, we discuss the PDSCH timing on FDD SCell with TDD as PCell and in case of PUCCH on PCell-only for FDD-TDD CA.
2 Discussion
To discuss the PDSCH timing on FDD SCell with TDD as PCell and PUCCH on PCell-only, the following two possible deployments should be considered respectively:
Case 1: Some DL subframes on FDD SCell are unusable due to TDD/FDD carrier half duplex.
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Figure 1: Some DL subframes on FDD carrier are unusable
For both self-carrier scheduling and cross-carrier scheduling, PDSCH can be transmitted in subframe n on FDD SCell, only when subframe n on TDD PCell is a DL or special subframe. PDSCH on FDD SCell should follow the PCell TDD HARQ timing. UCI transmission for Rel-11 TDD CA with same UL-DL configuration on different carriers can be reused.

Case 2: All DL subframes on FDD SCell are usable.

For self-carrier scheduling, all DL subframes on FDD SCell can be scheduled. The following three possible solutions for PDSCH HARQ timing can be considered:

· Alt. 1: PCell TDD PDSCH HARQ timing is used for PDSCH on FDD SCell
PDSCH in subframe n on FDD SCell has no HARQ-ACK feedback, when subframe n on TDD PCell is an UL subframe. UCI transmission for Rel-11 TDD CA with same UL-DL configuration on different carriers can be reused.

· Alt. 2: TDD PDSCH HARQ timing of a reference UL-DL configuration is used for PDSCH on FDD SCell

The main benefit of Alt.2 over Alt.1 is that it is possible to have more DL subframes on the FDD SCell with corresponding HARQ-ACK feedback. For example, TDD PDSCH HARQ timing corresponds to TDD UL-DL configuration 5 can be used as for PDSCH on FDD SCell, which only leaves one DL subframe on the FDD SCell without HARQ-ACK feedback. UCI transmission for Rel-11 TDD inter-band CA with different UL-DL configurations can be reused.
· Alt. 3: New PDSCH HARQ timing is defined for PDSCH on FDD SCell
The benefit of Alt.3 is that PDSCH on all DL subframes on FDD SCell can have HARQ-ACK feedback. The new PDSCH HARQ timing on FDD SCell depends on the UL-DL configuration of TDD PCell. One example of the new PDSCH HARQ timing on FDD SCell is shown in Table 1 and appendix. ACK/NACK corresponds to PDSCH in subframe n-k on FDD SCell is transmitted in UL subframe n on TDD PCell, where 
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and K (defined in Table 1) is a set of M elements 
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. With new PDSCH HARQ timing, the number of maximum DL HARQ processes is increased as shown in Table 2, and the following potential impacts on specification should be considered:
· UCI transmission: More feedback bits need to be transmitted in one UL subframe. Enhancement for UCI transmission can be considered.
· Field of HARQ process number in DL grant: To support up to 17 HARQ processes, the field of HARQ process number in DL grant needs to be extended to 5 bits.
· Soft buffer: Overbooking can be reused in principle. It needs further study whether specification change is needed for soft buffer handling with new PDSCH HARQ timing for FDD SCell.
Table 1: Downlink association set index
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 for Alt3
	UL/DL

Configuration 

on PCell
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 5
	5, 4
	4
	-
	-
	6, 5
	5, 4
	4

	1
	-
	-
	7, 6, 5
	5, 4
	-
	-
	-
	7, 6, 5
	5, 4
	-

	2
	-
	-
	8, 7, 6, 5, 4
	-
	-
	-
	-
	8, 7, 6, 5, 4
	-
	-

	3
	-
	-
	11, 10, 9, 8
	8, 7, 6
	6, 5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 11, 10, 9, 8
	8, 7, 6, 5, 4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 11, 10, 9, 8, 7, 6, 5, 4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7, 6
	6, 5
	5, 4
	-
	-
	6, 5
	5, 4
	-


Table 2: Maximum number of DL HARQ processes for Alt3
	TDD UL/DL configuration on PCell
	Maximum number of HARQ processes on FDD carrier

	0
	10

	1
	11

	2
	12

	3
	11

	4
	12

	5
	17

	6
	11


For cross-carrier scheduling without multi-subframe scheduling, the scenario falls back to case 1, i.e. PDSCH can be transmitted in subframe n on FDD carrier, only when subframe n on TDD carrier is a DL subframe. Then PDSCH on FDD carrier should follow the PCell TDD HARQ timing. UCI transmission for Rel-11 TDD CA with same UL-DL configuration on different carriers can be reused.

For cross-carrier scheduling with multi-subframe scheduling, the PDSCH timing on FDD SCell can be the same as self-carrier scheduling in case 2. However, the scheduling timing and DL grant for multi-subframe scheduling need to be designed.
The PDSCH timing on FDD SCell with TDD as PCell and PUCCH on PCell-only is summarized in Table 3.

Table 3: Summary of PDSCH timing on FDD SCell with TDD as PCell and PUCCH on PCell-only
	
	Some DL subframes on FDD SCell are unusable
	All DL subframes on FDD SCell are usable

	Self-carrier scheduling
	PCell TDD PDSCH HARQ timing
	· Alt. 1: PCell TDD PDSCH HARQ timing 
· Alt. 2: TDD PDSCH HARQ timing corresponds to a reference TDD UL-DL configuration
· Alt. 3: New PDSCH HARQ timing

	Cross-carrier scheduling
	PCell TDD PDSCH HARQ timing
	· Without multi-subframe scheduling: PCell TDD PDSCH HARQ timing
· With multi-subframe scheduling: Same as self-carrier scheduling with all DL suubframes on FDD SCell usable


3 Conclusions

In this contribution, we discuss the PDSCH timing on FDD SCell in case of PUCCH on PCell-only for Rel-12 FDD-TDD CA. Some possible solutions for PDSCH timing on FDD SCell are presented for further discussion.
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5 Appendix
PDSCH HARQ timing corresponding to Table 1.
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