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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. In this contribution, we discuss the PUSCH timing on FDD SCell for FDD-TDD CA with TDD as PCell.

2 Discussion
The following conclusions made for Rel-11 TDD inter-band CA with different UL-DL configurations on different bands should be extended to Rel-12 FDD-TDD carrier aggregation:

· PUSCH follows the serving cell PUSCH timing in case of self-carrier scheduling.
· PHICH should be transmitted on the cell carrying the UL grant.
Therefore, PUSCH timing design for Rel-12 FDD-TDD CA should focus on the PUSCH on SCell with cross-carrier scheduling, and depends on the following factors:
· FDD or TDD carrier as PCell

· UE full duplex or half duplex operation on the TDD and FDD carriers
In [1], the PUSCH timing on TDD SCell with FDD as PCell is discussed. In the following, we discuss the PUSCH timing on FDD SCell with TDD as PCell in case of cross-carrier scheduling. To discuss the PUSCH timing, the following two possible cases should be considered respectively:
Case 1: Some UL subframes on FDD SCell are unusable due to TDD/FDD carrier half duplex.
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Figure 1: Some UL subframes on FDD carrier are unusable
PUSCH can be transmitted in subframe n on FDD SCell, only when subframe n on TDD PCell is an UL subframe. PUSCH on FDD SCell should follow the PCell TDD PUSCH timing. PHICH transmission for Rel-10 TDD CA with cross-carrier scheduling can be reused.

Case 2: All UL subframes on FDD SCell are usable.
1) Case 2-1: Without multi-subframe scheduling, some UL subframes on FDD SCell cannot be scheduled. Two possible solutions for PUSCH HARQ timing can be considered:

· Alt. 1: PCell TDD PUSCH timing is used for FDD SCell.
With this alternative, the scenario falls back to case 1. The subframe n on FDD SCell can be scheduled for PUSCH, when the subframe n on TDD PCell is an UL subframe. PHICH transmission for Rel-10 TDD CA with cross-carrier scheduling can be reused.

· Alt. 2: A single new PUSCH timing is defined for FDD SCell.
RTT is fixed to 10ms, no matter which UL-DL configuration is used by TDD PCell. The UL grant for UL subframe n on FDD SCell is transmitted in subframe n-4 on TDD PCell. The PHICH for UL subframe n on FDD SCell is transmitted in subframe n+6 on TDD PCell. However, PHICH may be unusable, since the PHICH resource collides with legacy UEs.
For Alt. 1, the number of UL subframes that can be scheduled on FDD SCell equals to the number of UL subframes on TDD PCell. For Alt.2, the number of UL subframes that can be scheduled on FDD SCell equals to the number of DL subframes on TDD PCell. Except TDD UL-DL configuration 0 on TDD PCell, Alt. 2 leads to more usable UL subframes on FDD SCell than Alt.1. 

Table 1: The efficiency of PUSCH transmission
	TDD UL/DL
Configuration on PCell
	(The number of UL subframes for PUSCH on FDD SCell, the number of UL subframes for PUSCH on FDD SCell with PHICH)

	
	Alt. 1
	Alt. 2

	0
	(6, 6)
	(4, 2)

	1
	(4, 4)
	(6, 2)

	2
	(2, 2)
	(8, 2)

	3
	(3, 3)
	(7, 3)

	4
	(2, 2)
	(8, 2)

	5
	(1, 1)
	(9, 1)

	6
	(5, 5)
	(5, 0)


2) Case 2-2: With multi-subframe scheduling, all UL subframes on FDD SCell can be scheduled. However, new PUSCH HARQ/scheduling timing needs to be defined.
One example of new PUSCH HARQ/scheduling timing is shown in Table 2 and 3. Table 2 shows the PUSCH scheduling timing. The UL grant in subframe i on TDD PCell is used to schedule the PUSCH in subframe i+l on FDD SCell, where 
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and L (defined in Table 2) is a set of P elements 
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. Table 3 shows the PUSCH HARQ timing, the PHICH in subframe n on TDD PCell corresponds to the PUSCH in subframe n-k on FDD SCell, where 
[image: image4.wmf]K

k

Î

and K (defined in Table 3) is a set of M elements 
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. Unless EPHICH is introduced, PUSCH in most UL subframes on FDD SCell does not have HARQ-ACK feedback with new PUSCH HARQ/scheduling timing. In addition to the new PUSCH HARQ timing, the UL index field in UL grant may need to be expanded to support flexible scheduling.
Table 2: Association set index L: 
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 for PUSCH scheduling timing
	TDD UL/DL
Configuration on PCell
	subframe number i 

	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 

	0 
	4, 5, 6 
	6,7 
	- 
	- 
	- 
	4, 5, 6 
	6, 7 
	- 
	- 
	- 

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

	2 
	5 
	5 
	- 
	4, 5 
	5 
	5 
	5 
	- 
	4, 5 
	5 

	3 
	5, 6 
	6, 7 
	- 
	- 
	- 
	4, 5 
	5 
	5 
	5 
	5 

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

	5 
	5 
	5 
	- 
	4 
	4 
	4 
	4 
	4 
	4, 5 
	5 

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


Table 3: Association set index K: 
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 for PUSCH HARQ timing
	TDD UL/DL
Configuration on PCell 
	subframe number n 

	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 

	0 
	7, 6, 5 
	5, 4 
	- 
	- 
	- 
	7, 6, 5 
	5, 4 
	- 
	- 
	- 

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

	2 
	5 
	5 
	- 
	6, 5 
	5 
	5 
	5 
	- 
	6, 5 
	5 

	3 
	6, 5 
	5, 4 
	- 
	- 
	- 
	7, 6 
	6 
	6 
	6 
	6 

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

	5 
	5 
	5 
	- 
	6 
	6 
	6 
	6 
	6 
	6, 5 
	5 

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



         * The number in red denotes PHICH resource collision with legacy UE
Table 4: Number of synchronous UL HARQ processes 
	TDD UL/DL configuration 
	Number of HARQ processes for normal HARQ operation 

	0 
	11 

	1 
	10 

	2 
	10 

	3 
	11 

	4 
	10 

	5 
	10 

	6 
	11 


The summary of PUSCH timing on FDD SCell with TDD as PCell is shown in Table 5.

Table 5: Summary of PUSCH timing on FDD SCell with TDD as PCell
	
	Some UL subframes on FDD SCell are unusable
	All UL subframes on FDD SCell are usable

	Self-carrier scheduling
	FDD PUSCH timing
	FDD PUSCH timing

	Cross-carrier scheduling
	TDD PUSCH timing on PCell
	· Without multi-subframe scheduling: 

· Alt.1: TDD PUSCH timing on PCell
· Alt.2: A single new PUSCH timing with RTT of 10ms
· With multi-subframe scheduling: 
·  New PUSCH timing


3 Conclusions

In this contribution, we discuss the PUSCH timing on FDD SCell with TDD as PCell for Rel-12 FDD-TDD CA. PUSCH shall follow the serving cell PUSCH timing in case of self-carrier scheduling and PHICH should be transmitted on the cell carrying the UL grant. For cross-carrier scheduling, the proposed solutions in section 2 for PUSCH timing on FDD SCell shall be further discussed and considered. 
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