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1 Introduction

In RAN#60, a new work item was approved to enable LTE TDD-FDD joint operation from aggregation of TDD and FDD carriers. One focus area for discussion in the work item is to introduce LTE TDD-FDD carrier aggregation in Rel-12 specification [1]:

· Introduce LTE TDD – FDD Carrier Aggregation support including either TDD or FDD as PCell satisfying the following conditions for the LTE TDD-FDD CA specification work.
· UEs supporting FDD and TDD carrier aggregation operation shall be able to access both legacy FDD and legacy TDD single mode carriers
· Legacy FDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the FDD carrier, which is part of the jointly operated FDD/TDD network
· Legacy TDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the TDD carrier, which is part of the jointly operated FDD/TDD network
· No new TDD UL-DL configuration is introduced
· Generic specification support starting with RAN1 and RAN2 specification work for the existing LTE CA deployment scenarios 1, 2, 3 and 4 defined in TS36.300 of Rel-11. 
This contribution discusses DL HARQ timing issues in case of both self-scheduling and cross-carrier scheduling for TDD-FDD CA.
2 DL HARQ timing for self-scheduling
In last RAN1 meeting, there were agreements on DL HARQ timing for self-scheduling case in TDD-FDD CA. A remaining issue for DL HARQ timing in case of self-scheduling is for PDSCH HARQ timing on FDD Scell in case of TDD Pcell. According to RAN1 discussion, the following two alternatives are on the table:
· Option 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· Option 2-c: The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations

We discuss option 1 and 2-c for DL HARQ timing for FDD Scell in case of TDD Pcell and provide our views.
Option 1 vs. option 2-c
Option 1 basically depends on TDD Pcell timing with additional new timing for subframes which cannot be supported by TDD Pcell timing. But, option 2-c is based on DL HARQ timing according to a reference TDD UL-DL configuration configured by RRC signaling. Accordingly, option 1 can support DL HARQ timing for PDSCHs scheduled in all DL subframes of a FDD Scell. On the other hand, option 2-c has some restrictions on PDSCH scheduling depending on a configured reference HARQ timing because there always exists subframes (e.g., UL subframes in a reference configuration) which cannot be supported by HARQ timing of a reference configuration. Considering option 1 provides DL HARQ timing in all DL subframes of the FDD cell, this would be the main benefit of option 1 compared to option 2-c. 
On the other hand, option 1 may need some standardization effort for PUCCH transmission (e.g., in terms of the support of PUCCH format 1b with channel selection) because it supports additional DL subframes which do not exist in a TDD cell. But, option 2-c also cannot avoid similar level of standardization efforts if TDD UL-DL configuration 5 is included as the reference configuration for DL HARQ timing of a FDD Scell.
Therefore, considering the number of schedulable DL subframes and expected specification impact, option 1 is preferred and should be adopted for DL HARQ timing of a FDD Scell in case of the TDD Pcell.
Proposal 1: For PDSCH HARQ timing on a FDD Scell with self-scheduling in case of the TDD Pcell, Option 1 is adopted. 
Possible candidates for option 1
In the email reflector i.e., [75-08] Self-scheduling for TDD-FDD CA - option 1, various alternatives for option 1 were discussed as summarized in the following table.
Table 1: Alternatives for option 1
	UL-DL

Conf.
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0A
	-
	-
	6, [5]
	[5], [4]
	4
	-
	-
	6, [5]
	[5], [4]
	4

	0B
	
	
	6, [5], [4]
	
	[5], 4
	
	
	6, [5], [4]
	
	[5], 4

	1
	-
	-
	7, 6, [5]
	[5], 4
	-
	-
	-
	7, 6, [5]
	[5], 4
	-

	1*
	
	
	7, 6
	[6], [5], 4
	
	
	
	7, 6
	[6], [5], 4
	

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

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

	3a
	-
	-
	11, [10], 7, 6
	[10], 6, 5
	[10], 5, 4
	
	
	
	
	

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

	4a
	
	
	12, 11, [10], 8, 7
	[10], 7, 6, 5, 4
	
	
	
	
	
	

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

	6
	-
	-
	[8], 7
	7, [6]
	[6], 5
	-
	-
	7
	7, [6], [5]
	-

	6a
	
	
	[8], 7
	7, [6]
	[6], 5
	-
	-
	7, [5]
	7, [5]
	

	6*
	-
	-
	7
	7, [6], [5]
	5
	-
	-
	7, [6], [5], [4]
	7
	-


In Table 1, we support 0B, 1, 2, 3, 4, 5, 6 as a DL HARQ timing for a FDD Scell in case of the TDD Pcell with each TDD UL-DL configuration. Main motivations of our preference are as follows:
· Avoid newly introduced UL subframes (e.g., subframe 3 and 8) which can incur potential specification impacts (e.g., no TPC command for those UL subframes).
· Keep the feedback order dependent on the scheduling order so as to avoid additional scheduler complexity due to a mixture of the feedback and scheduling order.
On the other hand, in case of alternatives 3 and 4, bundling window size is larger than 4 and PUCCH format 1b with channel selection cannot be supported. For these cases, a simple solution to support PUCCH format 1b with channel selection is to perform logical AND operation between HARQ-ACKs with bundling window size equal to or larger than 4. As with the other option, it is possible that four subframes for channel selection are selected from bundling window by RRC signaling. In this regards, PUCCH format 1b with channel selection can be still supported for a FDD Scell even if alternatives 3 and 4 are adopted for a FDD Scell in case of TDD Pcell with TDD UL-DL configuration 3 and 4, respectively.
Proposal 2: For PDSCH HARQ timing on a FDD Scell with self-scheduling in case of the TDD Pcell, 0B, 1, 2, 3, 4, 5, 6 are supported for Option 1. 
3 DL HARQ timing for cross-carrier scheduling 
FDD Pcell and TDD Scell 

In last RAN1 meeting, PDSCH HARQ timing for a TDD Scell in case of self-scheduling was agreed as follows:

· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing.

FDD Pcell timing for self-scheduling was agreed because FDD Pcell has UL resource for HARQ-ACK feedbacks in every subframe. Same principle can apply for cross-carrier scheduling in case of FDD Pcell. 
In case of cross-carrier scheduling for a TDD Scell, there exist two possibilities for cross-carrier scheduling cell. Figure 1 shows the possible cross-carrier scheduling cases for TDD Scell in case of FDD Pcell. 
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Figure 1: Two cases of cross-carrier scheduling for TDD Scell in case of FDD Pcell
In Figure 1, the first case is where the cross-carrier scheduling cell is FDD Pcell. If cross-carrier scheduling cell is FDD Pcell, DL HARQ timing for PDSCH scheduled on Scell with cross-carrier scheduling can follow FDD Pcell timing.
The other case shown in Figure 1 is where the cross-carrier scheduling cell is another TDD Scell. In last RAN1 meeting, it was agreed as a working assumption that for DL, no cross-/multi-subframe scheduling is supported in Rel-12. Due to the working assumption on cross-carrier scheduling, PDCCH transmission of a scheduling cell and PDSCH transmission of a scheduled cell exist in the same subframe timing. Accordingly, if cross-carrier scheduling cell is another TDD Scell, DL HARQ timing for PDSCH scheduled on a TDD Scell with cross-carrier scheduling can follow FDD Pcell timing. 
Proposal 3: For a TDD Scell with cross-carrier scheduling in case of the FDD Pcell, PDSCH HARQ timing follows FDD Pcell timing. 
TDD Pcell and FDD Scell
In case of TDD Pcell and FDD Scell, same principle as in FDD Pcell can apply for cross-carrier scheduling for FDD Scell. In case of cross-carrier scheduling for FDD Scell, there exist three possibilities for cross-carrier scheduling cell. Figure 2 shows the possible cross-carrier scheduling cases for FDD Scell in case of TDD Pcell.
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Figure 2: Three cases of cross-carrier scheduling for FDD Scell in case of TDD Pcell
In Figure 2, the first case is where the cross-carrier scheduling cell is a TDD Pcell. If cross-carrier scheduling cell is a TDD Pcell, DL HARQ timing for PDSCH scheduled on Scell with cross-carrier scheduling can follow TDD Pcell timing because cross-/multi-carrier scheduling is not supported in Rel-12. 
The second case shown in Figure 2 is where the cross-carrier scheduling cell is another FDD Scell. In this case, DL HARQ timing for PDSCH scheduled on a FDD Scell with cross-carrier scheduling can follow TDD Pcell timing with a limitation that cross-carrier scheduling can occur between a FDD Scell and the other FDD Scell only when the TDD Pcell has DL subframe.
The third case shown in Figure 2 is where cross-carrier scheduling cell is another TDD Scell. In this case, DL HARQ timing for PDSCH scheduled on the FDD Scell with cross-carrier scheduling can follow TDD Pcell timing with a limitation that cross-carrier scheduling occurs between the TDD Scell and a FDD Scell only when the TDD Pcell has DL subframe.
Proposal 4: For a FDD Scell with cross-carrier scheduling in case of the TDD Pcell, PDSCH HARQ timing follows TDD Pcell timing.
4 Conclusions 
This contribution discussed DL HARQ timing for TDD-FDD CA and proposes the following:
Proposal 1: For PDSCH HARQ timing on a FDD Scell with self-scheduling in case of the TDD Pcell, Option 1 is adopted. 
Proposal 2: For PDSCH HARQ timing on a FDD Scell with self-scheduling in case of the TDD Pcell, 0B, 1, 2, 3, 4, 5, 6 are preferred for Option 1. 
Proposal 3: For a TDD Scell with cross-carrier scheduling in case of the FDD Pcell, PDSCH HARQ timing follows FDD Pcell timing.
Proposal 4: For a FDD Scell with cross-carrier scheduling in case of the TDD Pcell, PDSCH HARQ timing follows TDD Pcell timing.
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