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1
Introduction

The discussion on “LTE TDD-FDD joint operation including carrier aggregation” has been agreed to be one of the working items in RAN #60. Moreover, HARQ timing needs to be discussed for TDD-FDD CA. In the previous RAN1 meetings, the following agreements were made for TDD-FDD CA operation: 

	· RAN1 #75 [1]

· For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA.
· For the case of PUCCH transmission on PCell only:

· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier.
· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing Scell timing regardless whether SCell is TDD or FDD.
· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing.

· RAN1 #76 [2]
· Cross-carrier scheduling
· For FDD Pcell case,

· For DL cross-carrier scheduling with PUCCH on PCell-only, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing

· For UL cross-carrier scheduling if the scheduling serving cell is FDD and the scheduled serving cell is TDD:

· For UL cross-carrier scheduling, the scheduling/HARQ timing of TDD scheduled serving cell follows the TDD scheduled serving cell’s UL/DL configuration.

· For eIMTA the TDD scheduled serving cell’s UL/DL configuration is the SIB1 UL/DL configuration signaled by tdd-Config-r10

· PHICH-less operation is carried out for the UL subframes corresponding to  IPHICH=1  on the scheduled TDD SCell if the UL/DL configuration of the scheduled TDD SCell is configuration 0

· For UL cross-carrier scheduling if the scheduling serving cell is TDD and the scheduled serving cell is FDD:

· For UL cross-carrier scheduling, the scheduling/HARQ timing of FDD scheduled serving cell follows 10ms RTT.
· 4ms between UL grant/PHICH and PUSCH

· 6ms between PUSCH and PHICH


This contribution aims to share our opinions on TDD Pcell DL HARQ timing for TDD-FDD carrier aggregation with self-carrier scheduling on FDD Scell if TDD PCell is supported. 
2
Discussion
For TDD PCell and FDD SCell, it is worth to be discussed whether each FDD SCell DL subframe has a corresponding HARQ-ACK transmission timing or not. The following options were proposed in email discussion [75-08] for self-carrier scheduling when PCell is TDD and SCell is FDD [3].
Option 1: TDD PCell Timing + Additional New Timing for Remaining DL Subframes of FDD SCell
In the first option, DL HARQ-ACK transmission depends on TDD PCell timing with additional new timing for remaining DL subframes which cannot be supported by TDD PCell timing; thus, each DL subframe of FDD SCell has a corresponding DL HARQ-ACK transmission timing. However, if PUCCH format 1b with channel selection is supported, addition standardization effort is needed for handling DAI>4 even for UL/DL configurations other than 5; for example, scheduling restriction of maximum DAI=4 or ACK/NACK bits bundling (logical-AND operation).
· Pros:

· Each FDD SCell DL subframe has a corresponding HARQ-ACK transmission timing.

· Cons:

· New timing table for DL HARQ-ACK transmission is introduced.

· If PUCCH format 1b with channel selection is supported, additional effort for handling DAI>4 may be needed.

And the following two alternatives are introduced for Option 1:
Option 1.1: HARQ timing {0A, 1*, 2, 3, 4, 5, 6} for TDD PCell UL/DL configuration {0, 1, 2, 3. 4, 5, 6} (TABLE 1)
Option 1.2: HARQ timing {0A, 1, 2, 3a, 4a, 5, 6} for TDD PCell UL/DL configuration {0, 1, 2, 3. 4, 5, 6} (TABLE 2)
TABLE 1: DL HARQ-ACK transmission timing for Option 1.1

	TDD PCell

UL-DL

Conf.
	HARQ

timing
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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

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

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

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

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

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

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


TABLE 2: DL HARQ-ACK transmission timing for Option 1.2

	UL-DL

Conf.
	HARQ

timing
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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

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

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

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

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

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

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


Option 2: Limitation to the Reference UL/DL Configuration
In the second option, DL HARQ-ACK transmission depends on a configurable reference UL/DL configuration; thus, the legacy TDD UL/DL configurations are reused. However, the remaining DL subframes which cannot be supported by the reference UL/DL configuration may not have a corresponding DL HARQ-ACK transmission timing. In order to cope with the above mentioned issue, some possible solution may be introduced; for example, eNB may assume that PDSCH transmission in the remaining DL subframes is successful. Moreover, eNB can reduce the error probability of PDSCH transmission in the remaining DL subframes by lower coding rate. If it’s an unsuccessful DL transmission, the retransmission could be rescheduled by higher layer. 
· Pros:

· No new DL HARQ timing is introduced.
· Less standard impact than Option 1.

· Cons:

· The remaining DL subframes which cannot be supported by the reference UL/DL configuration may not have a corresponding DL HARQ-ACK transmission timing.
And the following three alternatives are introduced for Option 2:
Option 2c-B: Limitation to the reference UL/DL configuration (TABLE 3)
TABLE 3: Restriction to the configurable reference configuration with Option 2c-B

	TDD PCell

UL/DL configuration
	Allowed reference configuration for FDD SCell

	0
	{0, 1, 2, 3, 4, 5, 6}

	1
	{1, 2, 4, 5}

	2
	{2, 5}

	3
	{3, 4, 5}

	4
	{4, 5}

	5
	{5}

	6
	{1, 2, 3, 4, 5, 6}


Option 2c-B1: Further limitation to the reference UL/DL configuration (TABLE 4)
Table 4: Further restriction to the configurable reference configuration with Option 2c-B1

	TDD PCell

UL/DL configuration
	Allowed reference configuration for FDD SCell

	0
	{2, 4, 5}

	1
	{2, 4, 5}

	2
	{2, 5}

	3
	{4, 5}

	4
	{4, 5}

	5
	{5}

	6
	{2, 4, 5}


Option 2c-B2: Further limitation to the reference UL/DL configuration (TABLE 5)
Table 5: Further restriction to the configurable reference configuration with option 2c-B2

	TDD PCell

UL/DL configuration
	Allowed reference configuration for FDD SCell (2 aggregated cells)
	Allowed reference configuration for FDD SCell (more than 2 aggregated cells)

	0
	5
	2

	1
	5
	2

	2
	5
	2

	3
	5
	4

	4
	5
	4

	5
	5
	Not applicable

	6
	5
	2


3
Conclusions

In this contribution, the TDD Pcell DL HARQ timing for TDD-FDD carrier aggregation with self-carrier scheduling on FDD Scell is discussed.  Compared with Option 1, Option 2 reuses legacy TDD UL/DL configurations and has less standard impact. Besides, eNB can reduce the error probability of PDSCH transmission in the remaining DL subframes by lower coding rate. If it’s an unsuccessful DL transmission, the retransmission could be rescheduled by higher layer. Thus, we suggest that the following proposal can be considered: 
Proposal: 

· TDD Pcell DL HARQ timing for TDD-FDD carrier aggregation with self-carrier scheduling on FDD Scell depends on a configurable reference UL/DL configuration (Option 2).
· Details can be FFS.
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