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1
Introduction
At the RAN Plenary meeting #61 LTE TDD-FDD joint operation was adopted as a work item. The objective is to enhance LTE TDD-FDD joint operation with LTE TDD-FDD carrier aggregation (CA).
RAN 1 already reached some decisions to enable LTE TDD-FDD joint operation with CA. In this document we address the remaining questions with respect to the scheduling/HARQ timeline for self-scheduling when the TDD cell is a PCell.
2
Discussion
Rel-12 will support LTE TDD + FDD joint operation, including CA and dual-connectivity when there is non-ideal backhaul between two or more CCs. In this document we discuss the control solutions needed to support the LTE TDD + FDD joint operation. Two baseline scenarios are considered: FDD CC is the PCC/controlling CC and TDD is the PCC/controlling CC. 
RAN 1 already reached decisions with respect to the scheduling/HARQ timeline for the cases of FDD PCell (for both self-scheduling and cross-carrier scheduling) as well as TDD PCell with cross-carrier scheduling. The current state of decisions is presented in Table 1and Table 2.

Table 1: FDD CC as the PCell/controlling CC

	
	Self-scheduling
	Cross-carrier scheduling

	DL
	DL HARQ timing of the scheduled serving cell follows the PCell’s timing (PCell FDD timing is applied to TDD CC) 


	DL HARQ timing of the scheduled serving cell follows the PCell’s timing (PCell FDD timing is applied to TDD CC)



	UL
	TDD CC follows its own timeline


	If the scheduling serving cell is FDD and the scheduled serving cell is TDD:

· The scheduling/HARQ timing of TDD scheduled serving cell follows the TDD scheduled serving cell’s UL/DL configuration
If the scheduling serving cell is TDD and the scheduled serving cell is FDD:
· the scheduling/HARQ timing of FDD scheduled serving cell follows 10ms RTT

· 4ms between UL grant/PHICH and PUSCH

· 6ms between PUSCH and PHICH


Table 2: TDD CC as the PCell/controlling CC

	
	Self-scheduling
	Cross-carrier scheduling

	DL
	TBD
Option 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
or

Option 2c: Configurable reference TDD UL/DL configuration for FDD SCell from the existing set of configurations
	DL HARQ timing of the scheduled serving cell follows the PCell’s timing (PCell TDD timing is applied to FDD CC)



	UL
	FDD CC follows its own timeline


	If the scheduling serving cell is FDD and the scheduled serving cell is TDD:
· The scheduling/HARQ timing of TDD scheduled serving cell follows the TDD scheduled serving cell’s UL/DL configuration
If the scheduling serving cell is TDD and the scheduled serving cell is FDD
· The scheduling/HARQ timing of FDD scheduled serving cell follows 10ms RTT:

· 4ms between UL grant/PHICH and PUSCH

· 6ms between PUSCH and PHICH


2.1
Self-carrier Scheduling with TDD PCell
The only remaining decision on the DL self-scheduling case is when TDD cell is the PCell. Two options are being considered:
· Option 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· Option 2c: Configurable reference TDD UL/DL configuration for FDD SCell from the existing set of configurations.

Option 1
Option 1 provides better utilization of the DL subframes on the FDD SCell, as with additional specification all subframes can be utilized. It however involves defining the additional timeline/rules than what is already available in Rel-11. Primarily the modifications are needed with respect to the HARQ feedback transmitted on UL on the PCell for DL data transmissions on FDD SCell. 
The first to address is the DL association set index table, i.e. to include new entries to cover all FDD subframes. This can be done in many ways, e.g. by uniformly distributing the load for A/N feedback across subframes (Table 3) or by minimizing HARQ delays (Table 4). 
Table 3: DL association set index: uniform distribution of the control load across subframes

[image: image1.emf]UL - DL   Configuration  Subframe  n  

 0  1  2  3  4  5  6  7  8  9  

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

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

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

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

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

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

6  -  -  7 ,  8  6 ,  7  5 , 6  -  -  5,  7  5,  7  -  

 


Table 4: DL association set index: minimized HARQ delay

[image: image2.emf]UL - DL   Config  Subframe  n  

 0  1  2  3  4  5  6  7  8  9  

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

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

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

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

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

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

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

 


The red entries are values of k corresponding to additional DL subframes of FDD CC. 
We believe that it is more desirable to keep the uniform distribution of A/N load across subframes and therefore prefer Table 3 as the solution.

As can be seen from the tables, the number of entries in some cases is larger than 4 (not only for configuration 5), which means that we would have to define tables for HARQ multiplexing for PUCCH format 1 w/channel selection for M>4 or restrict those cases to bundling (as is configuration 5 currently).
PUCCH format 3 seems to be easily applicable here. If the number of feedback bits is larger than 20, spatial A/N bundling of codewords within a DL subframe could be performed for each CC, as in Rel-10. In the extreme case where the feedback is larger than 20 even after spatial bundling (e.g. 5 CCs and M>4), additional rules are needed. One viable solution is to perform bundling across subframes of the FDD CC with M>4, e.g. bundle the first or the last subframe(s) to get M=4. It is also possible to limit the number of aggregated CCs that could be aggregated. For example, in the case of Table 3 and Table 4, for configurations 2 and 4 the maximum number of CC that can be aggregated would be 4 CCs, and for configuration 5 it would be 2CCs.
Because the number of ACK/NACK bits for TDD-FDD CA when PCell is TDD is even larger than in the case of TDD CA, we believe that the format PUCCH 1b with channel selection is not suitable and only PUCCH format 3 should be used.
It should also be noted than the number of HARQ processes should not exceed 16 due to the limitation of 4 bits in DCI formats for HARQ process indication.
Option 2c
Option 2c does not enable utilization of all DL subframes on the FDD SCell, but it allows the reuse of the existing Rel-11 specification with minimal impact to the specification.
In this case, an FDD CC is regarded as a TDD CC with a specific (configured) UL/DL configuration, and per Rel-11 FDD CC would follow the timeline of the configured reference UL/DL configuration. Configuring the UL/DL configuration with large number of DL subframes could allow majority of DL FDD subframes to be utilized. 
It would also be beneficial that the reference UL-DL configuration can only be chosen from a subset of the currently defined TDD UL-DL subframe configurations, depending on the PCell UL-DL subframe configuration. One possible realization is given in Table 5.

Table 5: Allowed reference configurations

	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


Proposal 1: For the DL HARQ timing of the scheduled FDD SCell Option 1 (FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell) should be chosen. 
Proposal 2: Table 3 to be used for DL association set index.
Proposal 3: Limit the number of CCs that can be aggregated in cases when the HARQ feedback is larger than 20 bits even after the spatial bundling is performed

· For configurations 2 and 4 the maximum number of CC that can be aggregated is 4 CCs, and for configuration 5 it is 2CCs.
Proposal 4: Only PUCCH format 3 can be configured for HARQ feedback for TDD-FDD CA.

Proposal 5: The number of HARQ processes should not exceed 16 due to the limitation of 4 bits in DCI formats for HARQ process indication.

3
Conclusions 
In this document we discussed the solutions to support LTE TDD+FDD CA with respect to the scheduling/HARQ timeline for self-scheduling when the TDD cell is a PCell. Based on the discussion we propose the following:

Proposal 1: For the DL HARQ timing of the scheduled FDD SCell Option 1 (FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell) should be chosen. 

Proposal 2: Table 3 to be used for DL association set index.

Proposal 3: Limit the number of CCs that can be aggregated in cases when the HARQ feedback is larger than 20 bits even after the spatial bundling is performed

· For configurations 2 and 4 the maximum number of CC that can be aggregated is 4 CCs, and for configuration 5 it is 2CCs.
Proposal 4: Only PUCCH format 3 can be configured for HARQ feedback for TDD-FDD CA.

Proposal 5: The number of HARQ processes should not exceed 16 due to the limitation of 4 bits in DCI formats for HARQ process indication.
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