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1 Introduction

In RAN1 #75, UL scheduling/HARQ timing for TDD-FDD CA was discussed and the following conclusion was made [1]:
· For UL cross-carrier scheduling

If the scheduling serving cell is FDD and the scheduled serving cell is TDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of TDD scheduled serving cell follows:

· Alt. UL-A1: the TDD scheduled serving cell’s UL/DL configuration

· Alt. UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

If the scheduling serving cell is TDD and the scheduled serving cell is FDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of FDD scheduled serving cell follows:

· Alt. UL-A2: a UL-reference UL/DL configuration with no new timing

· Candidate UL reference UL/DL configuration (for down selection):

· TDD scheduling serving cell’s UL/DL configuration

· Fixed reference UL/DL configuration 0

· Configurable reference UL/DL configuration amongst a set of candidates

· Alt. UL-B2: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

· Alt. UL-C2: Timing follows reference config. which can be one of 7 UL-DL config. or FDD timing.
· Alt. D: No additional spec. change to support cross-carrier scheduling for TDD-FDD CA
· Alt. E: For the case when cross-carrier scheduling cell is FDD, no spec. change compared to Rel-10 CA both for DL and UL for TDD-FDD CA
This contribution discusses the UL cross-carrier scheduling timing for TDD-FDD CA, including the case in which the scheduling serving cell is FDD and the scheduled serving cell is TDD, and the case in which the scheduling serving cell is TDD and the scheduled serving cell is FDD.

2 Discussion
Since it’s already agreed that a Scell follows its own UL scheduling/HARQ timing in case of self-scheduling, we focus the discussion on cross-carrier scheduling case. 

FDD carrier as scheduling serving cell and TDD carrier as scheduled serving cell
Here, we discuss the UL cross-carrier scheduling timing on TDD scheduled serving cell with FDD as scheduling serving cell. To discuss the UL cross-carrier scheduling timing, the following two possible alternatives should be considered respectively [2]:
· Alt. UL-A1: the TDD scheduled serving cell’s UL/DL configuration

· Alt. UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

If Alt. UL-B1’s UL cross-carrier scheduling timing is followed, the RTT is fixed to 10ms no matter which TDD UL-DL configuration is used by TDD scheduled serving cell. If Alt. UL-A1’s UL cross-carrier scheduling timing is followed and TDD scheduled serving cell is TDD UL/DL configuration 0, the RTT of TDD scheduled serving cell can be as much as 13ms, and if TDD scheduled serving cell is TDD UL/DL configuration 6, the RTT of TDD scheduled serving cell can be as much as 14ms. Therefore, Alt. UL-B1 provides shorter latency for HARQ RTT at least when scheduled serving cell is TDD UL-DL configuration 0 and 6 than Alt. UL-A1.
Proposal 1: For a FDD scheduling serving cell and a TDD scheduled serving cell, UL-B1 is used for TDD scheduled serving cell’s scheduling. 
TDD carrier as scheduling serving cell and FDD carrier as scheduled serving cell
Here, we discuss the UL cross-carrier scheduling timing on FDD scheduled serving cell with TDD as scheduling serving cell. To discuss the UL cross-carrier scheduling timing, the following two possible alternatives should be considered respectively [2]:
· Alt. UL-A2-1: TDD scheduling serving cell’s UL/DL configuration is used for FDD scheduled serving cell.

With Alt. UL-A2-1, the subframe n on FDD scheduled serving cell can be scheduled for PUSCH, when the subframe n on TDD scheduling cell is an UL subframe. 
· Alt. UL- B2: A single new PUSCH timing is defined for FDD scheduled serving cell.

With Alt. UL-B2, RTT is fixed to 10ms, no matter which UL-DL configuration is used by TDD scheduling cell. The UL grant for UL subframe n on FDD scheduled serving cell is transmitted in subframe n-4 on TDD scheduling cell. The PHICH for UL subframe n on FDD scheduled serving cell is transmitted in subframe n+6 on TDD scheduling cell. However, PHICH may not be available, since the PHICH resource collides with legacy UEs.

For Alt. UL-A2-1 the number of UL subframes that can be scheduled on FDD scheduled serving cell equals to the number of UL subframes on TDD scheduling cell. For Alt. UL- B2, the number of UL subframes that can be scheduled on FDD scheduled serving cell equals to the number of DL subframes on TDD scheduling cell. Except TDD UL-DL configuration 0 on TDD scheduling cell, Alt. UL- B2 leads to more usable UL subframes on FDD scheduled serving cell than Alt. UL-A2-1. 

Table 1: The efficiency of PUSCH transmission

	TDD UL/DL
Configuration on scheduling cell
	The number of cross-carrier scheduled UL subframes for PUSCH on FDD scheduled serving cell, 

	
	Alt. UL-A2-1
	Alt. UL-B2

	0
	6
	4

	1
	4
	6

	2
	2
	8

	3
	3
	7

	4
	2
	8

	5
	1
	9

	6
	5
	5


Proposal 2: For a TDD scheduling serving cell and a FDD scheduled serving cell, UL-B2 is used for FDD scheduled serving cell’s scheduling. 
3 Conclusions
This contribution considered the UL cross-carrier scheduling timing for TDD-FDD CA, and the following proposals are made: 
Proposal 1: For a FDD scheduling serving cell and a TDD scheduled serving cell, UL-B1 is used for TDD scheduled serving cell’s scheduling. 

Proposal 2: For a TDD scheduling serving cell and a FDD scheduled serving cell, UL-B2 is used for FDD scheduled serving cell’s scheduling. 
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