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1. Introduction

At RAN1 #68, substantial progresses toward the support of interband TDD CA with different UL-DL configurations in different bands were made [1]. The following agreements on the PDSCH HARQ timing for the PCell and SCell were reached:

HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.

· PCell timing is the same as Rel-8/9/10.

The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration

In this contribution, we provide analysis and further solutions on SCell HARQ timings for other deployment and configuration cases.
2. PDSCH HARQ Timing Reference Configuration for SCells

It has been agreed that, in the support of interband TDD CA with different UL-DL configurations in different bands, no new HARQ timing table beyond those already defined in Rel-8/9/10 is to be introduced. The Rel-11 solution will instead be based on applying HARQ timing of a reference TDD UL-DL configuration to an SCell with a different SIB1 TDD UL-DL configuration. For instance, it was agreed at RAN1 #68 to apply the PDSCH HARQ timing of the PCell to the SCell if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration. An example of such configuration is given in Figure 1 where the PDSCH HARQ timing of the configuration #2 PCell is applied to the configuration #1 SCell.
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Figure 1 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #2 PCell and configuration #1 SCell. The PDSCH HARQ timing of the configuration #2 PCell is applied to the configuration #1 SCell.
Apparently, more general solutions will be needed to accommodate wide range of application and deployment scenarios. In one aspect, the DL subframes of the aggregated cells may have a clean subset or superset relationship between them. Furthermore, even when such condition is met, for load balancing reasons, it is impractical to limit all interband TDD CA UEs to camp on a cell with a particular UL-DL configuration as the PCell.

A general solution can be derived based on analysis on the mutual compatibility of the seven UL-DL configurations available in Rel-8/9/10. An example of such a subframe compatibility hierarchy is shown in Figure 2. Reading from this illustration, it can be seen that the DL subframes of a configuration that can be connected from a second configuration with downward arrows form a superset of the DL subframes of the second configuration. Therefore, for a given pair of the SIB1 UL-DL configurations for the PCell and the SCell, the reference UL-DL configuration number for the PDSCH HARQ timing of the SCell can be set to the UL-DL configuration that can be connected from both aggregated configurations with downward arrows in the subframe compatibility hierarchy.

For instance, Figure 3 shows an interband TDD aggregation of configuration #1 PCell and configuration #2 SCells. The PDSCH HARQ timing of the SCell can follow the timing table of UL-DL configuration #2. The operations of the aggregation cells are illustrated in Figure 3. 
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Figure 2 Subframe compatibility hierarchy [3].
It can be further observed that a reference configuration for the PDSCH HARQ timing can always be set for any pair of PCell and SCell UL-DL configurations. The setting of reference configuration number for the PDSCH HARQ timing on the SCell can be further summarized in a tabular form shown in Table 1. A general solution to the HARQ-ACK timing of the SCell is proposed as follows:
Proposal 1 SCell shall follow the PDSCH HARQ-ACK timing of a reference UL-DL configuration, which is uniquely determined by the PCell and SCell SIB1 configurations as given in Table 1. 
Table 1 UL-DL configuration number of PDSCH HARQ-ACK timing reference for SCell
	UL-DL configuration for PDSCH HARQ 
	SCell SIB1 UL-DL configuration

	timing reference
	0
	1
	2
	3
	4
	5
	6

	PCell SIB1 UL-DL configuration
	0
	0
	1
	2
	3
	4
	5
	6

	
	1
	1
	1
	2
	4
	4
	5
	1

	
	2
	2
	2
	2
	5
	5
	5
	2

	
	3
	3
	4
	5
	3
	4
	5
	3

	
	4
	4
	4
	5
	4
	4
	5
	4

	
	5
	5
	5
	5
	5
	5
	5
	5

	
	6
	6
	1
	2
	3
	4
	5
	6


To illustrate the utility of the proposal, additional examples are considered. The aggregation cases of a configuration #1 and configuration #3 cells are considered in Figure 4. The aggregation case of configuration #1 PCell and three SCells with configuration #0, #2 and #3 is considered in Figure 5.

The PDSCH HARQ-ACK bits can be carried by either PUCCH format 1b with channel selection or PUCCH format 3. The PUCCH resources may be semi-statically configured or implicitly selected from the dynamic resource pool. 
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Figure 3 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 PCell and configuration #2 SCells. The PDSCH HARQ timing of the configuration #2 SCell is based on UL-DL configuration #2.
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 (a) Configuration #1 cell is PCell
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(b) Configuration #3 cell is PCell
Figure 4 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 and #3 cells. The PDSCH HARQ timing of the SCell is based on UL-DL configuration number #4.
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Figure 5 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 PCell and three SCells with configuration #0, #2 and #3. The reference UL-DL configurations for the SCell PDSCH HARQ timing are #1, #2 and #4 for the configuration #0, #2 and #3 SCells, respectively.

3. Conclusion

Based on general analysis of PDSCH HARQ-ACK timing for all aggregation scenarios, we propose the following general solution for the SCell PDSCH HARQ-ACK timing:

Proposal 1 SCell shall follow the PDSCH HARQ-ACK timing of a reference UL-DL configuration, which is uniquely determined by the PCell and SCell SIB1 configurations as given in Table 1. 

Table 1 UL-DL configuration number reference for SCell PDSCH HARQ-ACK timing
	UL-DL configuration for PDSCH HARQ 
	SCell SIB1 UL-DL configuration

	timing reference
	0
	1
	2
	3
	4
	5
	6

	PCell SIB1 UL-DL configuration
	0
	0
	1
	2
	3
	4
	5
	6

	
	1
	1
	1
	2
	4
	4
	5
	1

	
	2
	2
	2
	2
	5
	5
	5
	2

	
	3
	3
	4
	5
	3
	4
	5
	3

	
	4
	4
	4
	5
	4
	4
	5
	4

	
	5
	5
	5
	5
	5
	5
	5
	5

	
	6
	6
	1
	2
	3
	4
	5
	6


4. References

[1] RAN WG1 meeting #68 Chairman’s Note

[2] R1-113724 Design of TDD Inter-band Carrier Aggregation, CATT
[3] R1-114414 On support of different TDD UL-DL configurations on different bands, Ericsson, ST-Ericsson

[4] R1-111013 Remaining PDSCH cross-carrier scheduling issues in aggregation of TDD carriers with different UL/DL configurations, Ericsson, ST-Ericsson

[5] R1-111015 Remaining PUSCH issues in aggregation of TDD carriers with different UL/DL configurations, Ericsson, ST-Ericsson

[6] R1-111016 Support of half-duplex operations in aggregation of TDD carriers with different UL/DL configurations, Ericsson, ST-Ericsson

