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1 Introduction
In RAN1#68bis meeting, many decisions had been made for TDD inter-band CA especially for self scheduling. For cross-carrier scheduling, only the following agreements were made:
On PDSCH timing, for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of cross-carrier scheduling

· Alt 1: Follow PCell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow SCell timing

Benefit: able to use all DL subframes in SCell 
On PDSCH timing, for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)
·  In case of cross-carrier scheduling, working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands

· Can be revisit if any problems occurs until RAN1#69
In RAN1#69 meeting, it was agreed that cross-subframe scheduling is not supported in Rel-11 and the working assumption that no restriction on the combinations of TDD UL-DL configurations on different bands is confirmed. 
In this contribution, we share our views on HARQ-ACK timing in case of cross-carrier scheduling for TDD inter-band carrier aggregation with different TDD UL-DL configurations on different bands.
2 Discussion

2.1 DL cross-carrier scheduling and HARQ timing on SCell
It is noted that for self-carrier scheduling, the PDSCH HARQ timing on SCell shall follow a reference TDD UL-DL configuration as shown in Table 1. 
Table 1: PDSCH HARQ timing on SCell, self scheduling
	PDSCH HARQ timing on SCell follows TDD configuration #
	PCell SIB-1 configuration #

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB-1 configuration #
	0
	
	1
	2
	3
	4
	5
	6

	
	1
	1
	
	2
	4
	4
	5
	1

	
	2
	2
	2
	
	5
	5
	5
	2

	
	3
	3
	4
	5
	
	4
	5
	3

	
	4
	4
	4
	5
	4
	
	5
	4

	
	5
	5
	5
	5
	5
	5
	
	5

	
	6
	6
	1
	2
	3
	4
	5
	


Considering that cross-subframe scheduling is not supported in Rel-11, it is natural that the PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration in case the SCell is cross-carrier scheduled by PCell. This would allow Rel-10 HARQ-ACK feedback schemes to be directly reused as discussed in RAN1#68bis. Otherwise, significant redesigns are required to support PUCCH format 1b with channel selection since implicit PUCCH format 1a/1b resources are used as defined in Rel-10.
In case the SCell is cross-carrier scheduled by another SCell, it is possible for the PDSCH HARQ timing on the scheduled SCell to follow the scheduling SCell, where the PDSCH HARQ timing on the scheduling SCell shall follow a reference TDD UL-DL configuration as shown in Table 1. Another possible solution is to limit the scheduling and scheduled SCells have the same TDD UL-DL configuration. However, it is uncertain whether this deployment scenario is practically important or not, since it requires at least three carriers in the systems and an SCell is cross-carrier scheduled by another SCell.
Give the above analysis, and also considering that it has already been agreed to follow the PCell SIB1 configuration if the set of DL subframes of the cross-carrier scheduled SCell is a subset of the PCell, we propose to handle PDSCH HARQ timing on SCell uniformly for cross-carrier scheduling, with the following proposal:

Proposal 1: PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration in case of cross-carrier scheduling.
2.2 UL cross-carrier scheduling and HARQ timing on SCell 
For PUSCH HARQ/scheduling timing in Case B, if the set of UL subframes indicated by the scheduling cell SIB1 configuration is a subset of the UL subframes indicated by the scheduled cell SIB1 configuration. The following two options are considered.
       Option 1: The PUSCH HARQ/scheduling timing on the scheduled cell shall follow the scheduling cell SIB1 configuration
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 Figure 1: Option 1 for PUSCH HARQ timing
For full duplex UEs with option 1, some of the UL subframes on the scheduled cell may not have the corresponding UL grant and PHICH, which can be seen from Figure 1 where subframes #3 and #8 on the scheduling cell are DL subframes. Thus the PUSCH in subframes #3 and #8 on the scheduled cell do not have the corresponding UL grant and PHICH. It shall be noted that this is of less an issue for half duplex UEs in case the transmission direction in overlap subframe(s) follows the PCell SIB1 configuration for half duplex UEs.

        Option 2: The PUSCH HARQ/scheduling timing on the scheduled cell shall follow the scheduled cell SIB1 configuration
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Figure 2: Option 2 for PUSCH HARQ timing
For full duplex UEs with option 2, it is possible to achieve maximum UL peak data rate since all UL subframes can be used for PUSCH transmission. An example is shown in Figure 2, where subframe #3 and  #8 on the scheduled cell can be used. However, one issue for Option 2 is that some UL subframes on the scheduled cell do not have PHICH resources. Still using Figure 2 as an example, since there is no PHICH in subframes #1, #4, #6 and #9 on the scheduling cell, for the TDD inter-band CA UE, the PUSCH in subframe #7, #8, #2 and #3 on the scheduled cell do not have corresponding PHICH. Hence option 2 would require additional specification changes. 
Comparing the two options for PUSCH HARQ/scheduling timing in case of cross-carrier scheduling, it is observed that option 2 provides enhanced UL peak data rate than option 1, while option 1 requires less specification impact. Given that UL peak data rate can already be achieved by self scheduling, option 1 is preferable. 
For PUSCH HARQ/scheduling timing in Case C, if the set of UL subframes indicated by the scheduling cell SIB1 configuration is neither a subset nor a superset of the UL subframes indicated by the scheduled cell SIB1 configuration, several options are proposed in previous RAN1 meetings, such as following the scheduling cell SIB1 configuration, following the scheduled cell configuration, following a reference configuration or following the subframe dependent timing. Given our preference on option 1 for Case B, it is desirable to adopt option 1 for Case C as well, for a unified solution.
For PUSCH scheduling/HARQ timing in Case D, if the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms, the only issue of following the scheduling cell SIB1 configuration is that some retransmission subframes might be blocked. Considering that this may be handled by eNB implementation, it is desirable to take option 1 for Case D as well.

In summary, for the PUSCH HARQ/scheduling timing on SCell and in case of cross-carrier scheduling, we have the following proposal:

Proposal 2: PUSCH HARQ/scheduling timing on the scheduled cell shall follow the scheduling cell SIB1 configuration in case of cross-carrier scheduling.

3 Conclusions
In this contribution, we provide our analysis on PDSCH HARQ timing and PUSCH HARQ/scheduling timing for cross carrier scheduling and TDD inter-band CA with different UL-DL configurations. Considering the tradeoff between peak data rate and required specification impacts, we currently have the following proposals: 
Proposal 1: PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration in case of cross-carrier scheduling.

Proposal 2: PUSCH HARQ/scheduling timing on the scheduled cell shall follow the scheduling cell SIB1 configuration in case of cross-carrier scheduling.
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