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1 Introduction

Different TDD UL-DL configurations are being considered for Rel-11 TDD CA scenarios and PDSCH HARQ timing for Scell is one of the important issues. This contribution discusses an issue concerning handling of the bundling window size of UL HARQ-ACK sent as responses to PDSCHs of Pcell and Scell in the TDD CA scenarios with different TDD UL-DL configurations in the Pcell and the Scell.
2 Bundling window for Pcell and Scell 
In LTE TDD, UL HARQ-ACKs fed back as responses to PDSCHs which are sent on multiple DL subframes are bundled/multiplexed following Table 1 captured from TS 36.213 [1]. 
Table 1: Downlink association set index
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

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

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

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

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

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

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


In Table 1, the number of DL subframes for which UL HARQ-ACKs are transmitted on a UL subframe is defined as M. According to Table 1, UL HARQ-ACKs to a fixed set of DL subframes are transmitted simultaneously on a UL subframe.
In Rel-10 TDD CA, UL HARQ-ACKs to PDSCHs are sent on the Pcell only, and then UL HARQ-ACKs to be transmitted on a UL subframe of Pcell consists of feedback to PDSCHs on DL subframes of both Pcell and Scell. Since only one TDD UL-DL configuration applies in all the CA cells in Rel-10 TDD CA, Scell PDSCH HARQ timing is identical to Pcell PDSCH HARQ timing. Accordingly, DL subframes for UL HARQ-ACK transmission on a UL subframe of Pcell are identical for both Pcell and Scell in Rel-10. In other words, DL subframes for UL HARQ-ACK feedback to both Pcell PDSCHs and Scell PDSCHs on a UL subframe of Pcell are selected depending on the TDD UL-DL configuration applied in both the Pcell and the Scell .Thus, both the Pcell and the Scell have the same DL subframes for UL HARQ-ACK transmission on a UL subframe of the Pcell. Therefore, M can apply in common for the Pcell and the Scell. 
In Rel-11 TDD CA, on the other hand, different TDD UL-DL configurations are configured for each cell, while UL HARQ-ACKs are sent on only Pcell as in Rel-10. Also, PDSCH HARQ timing for Scell has not been completely decided yet and is in discussion in RAN1. Scell DL subframes and Pcell DL subframes associated with HARQ-ACK transmission on a UL subframe of the Pcell can be different depending on TDD UL-DL configuration of the respective cells as well as PDSCH HARQ timing applied for the respective cells. 
Figure 1 illustrates an example of applying different size of bundling windows for the Pcell and the Scell due to different TDD UL-DL configurations. In Figure 1, the colors for PDSCHs and UL HARQ-ACKs indicate linkage from PDSCH transmission on the Pcell and the Scell to the corresponding UL HARQ-ACK transmission on the Pcell.
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Figure 1: An example of applying different bundling windows for each cell.
In Figure 1, the Pcell and the Scell configured TDD UL-DL configurations #4 and #3, respectively. It is noted that DL subframes of the Pcell is a superset of those of the Scell. As per the agreements from RAN1 #68 that Pcell PDSCH HARQ timing follows Pcell SIB1 configuration and Scell PDSCH HARQ timing in case of Pcell DL superset follows Pcell SIB1 configuration, UL HARQ-ACKs for the PDSCHs sent in DL subframes #0, #1, #4, #5 of the Pcell and DL subframes #0, #1, #5 of the Scell are transmitted in UL subframe #2 of the Pcell. The number of DL subframes in the Pcell and the Scell for a UL HARQ-ACK transmission is different because the subframe #4 is DL in Pcell but is UL in Scell due to different TDD UL-DL configurations between the Pcell and the Scell. Accordingly, the bundling window size (M) for the Scell can be different from that of the Pcell and then the common M in Rel-10 cannot be applied for both the Pcell and the Scell. This may also be affected from the decision on PDSCH HARQ timing of the Scell as well. Considering these issues, in Rel-11 TDD CA, bundling window sizes for the Pcell and the Scell can be determined separately depending on what PDSCH HARQ timing rule is applied for each of the cells and how many DL subframes for the respective are associated with UL HARQ-ACK transmission on a UL subframe of the Pcell.
Proposal: The bundling window sizes for Pcell and Scell are determined separately in Rel-11 TDD CA.
3 Conclusions
This contribution addressed an issue about the number of Scell DL subframes corresponding to UL HARQ-ACKs which are transmitted on a UL subframe of Pcell in carrier aggregation scenarios with different TDD UL-DL configurations. Depending on the discussion, the following proposal has been made: 
Proposal: The bundling window sizes for Pcell and Scell are determined separately in Rel-11 TDD CA.
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