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1 Introduction

Among the identified open issues in the previous meetings, this contribution discusses whether to keep the same scheduling timing as in Rel-10 or not. The discussion is tightly linked with the support of cross-carrier scheduling. If the cross-carrier scheduling is not supported, then keeping the same scheduling timing as in Rel-10 seems straightforward because each cell operates independently from the scheduling perspective. On the other hand, if cross-carrier scheduling is supported, scheduling timing adjustment would be required especially for the mismatched subframe pair. In this document, mismatched subframe pair refers to the subframe pair at a given time where one subframe on one cell is configured as downlink subframe while the other subframe on the other cell is configured as uplink subframe (Figure 1). Depending on the combination of different UL/DL configurations, there are 1-5 mismatched subframe pairs within 10ms. For example, when 2 CCs are aggregated, about 26% of subframe pairs are mismatched among all possible combinations, which is non-negligible amount of portion. For matched subframe pairs, there is no difference in scheduling timing from Rel-10. Therefore, the scheduling timing adjustment needs to be considered only for the case of mismatched subframe pairs together with cross-carrier scheduling. The detailed discussion to support cross-carrier scheduling is provided in [1].
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Figure 1. TDD CA with different UL/DL configurations: matched/mismatched subframe pairs
2 PDSCH scheduling
Figure 2 illustrates the issue of cross-carrier scheduling of PDSCH on the mismatched subframe pair. For example, subframes#3 on both cells make up mismatched subframe pair. This results that the PDSCH on subframe#3 of the cross-carrier scheduled cell cannot be scheduled from the same subframe of the cross-carrier scheduling cell (which is UL subframe). For the simplicity, let’s assume the cross-carrier scheduling cell and cross-carrier scheduled cell as Pcell and Scell, respectively.
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Figure 2. Example case - cannot perform cross-carrier scheduling of PDSCH in the same subframe timing
For the mismatched subframe pair between aggregated cells, the PDSCH of Scell can be scheduled by the PDCCH on the prior DL subframe of Pcell. This can be seen as a combination of cross-carrier and cross-subframe scheduling. For example, in Figure 3, the PDCCH which do the cross-carrier scheduling of the PDSCH transmission on subframe#3 of Scell is transmitted in subframe#1 of Pcell, i.e. the latest DL subframe of Pcell from the subframe of Scell on which the PDSCH is transmitted. In this case, the PDCCH for the Scell can employ a subframe indicator similar to UL index introduced for TDD configuration#0 from Rel-8, in order to indicate which subframe (subframe #1 or #3 of the Scell) the DL grant is for. Alternatively, cross-carrier scheduling for PDSCH transmissions in a cell can be allowed only when the DL subframes between the cells of PDCCH transmissions and of PDSCH transmission are aligned.
There is another kind of mismatched subframe pair, i.e. the subframe of Pcell is DL subframe while that of Scell is UL subframe. From the PDSCH scheduling perspective, there is no timing issue for this case. 
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Figure 3. PDSCH cross-carrier scheduling with subframe indicator

3 PUSCH scheduling

From the PUSCH scheduling perspective, Figure 4 shows that PUSCH on subframe#2 should be granted on subframe#5 and subframe#8 of previous radio frame according to the timing relation in TDD DL-UL configuration #6 and #2, respectively, as specified in Rel-8. However, when it comes to cross-carrier scheduling, transmission of UL grant on a cell applying the timing relation of the other cell (i.e. subframe#8) cannot be possible because the subframe of the cell to carry the UL grant is not a DL subframe but a UL subframe.
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Figure 4. Example of PUSCH scheduling
Figure 5 depicts alternatives for PUSCH cross-carrier scheduling for the mismatched subframe pair. For this case, one possible way to get around the issue is to transmit the UL grant on the latest DL subframe for the Pcell from the mismatched subframe pair, i.e. subframe#6 (Alternative A). Another possibility is to apply the scheduling timing relation defined for the Pcell itself, i.e. subframe#5 (Alternative B). However, Alternative B results in additional delay compared to Alternative A and is not applicable in cases that the corresponding subframe of the PUSCH transmission timing is a DL subframe in Pcell. 
If the subframe of Pcell of the UL grant transmission timing as per the timing of the TDD configuration of Scell (subframe#8 in Figure 5) for the PUSCH transmission in Scell is DL subframe, then the UL grant can be transmitted in the subframe of Pcell in accordance to the timing relation of Scell.
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Figure 5. PUSCH cross-carrier scheduling with timing adjustment of possible alternatives (A, B)
4 Combination of different TDD UL/DL configurations
The combination of different TDD UL/DL configurations between Pcell and Scell can be categorized in two ways. For a given TDD UL/DL configuration of Pcell, column A of Table 1 represents possible TDD UL/DL configurations of Scell which do not require any additional timing relation from Rel-10. This is because Pcell has DL subframe as well in any DL subframe timing of Scell. On the other hand, column B of Table 1 shows possible TDD UL/DL configurations of Scell which require additional scheduling timing relation from Rel-10, e.g. above mentioned cross-carrier scheduling with subframe indicator in an earlier subframe. In other words, for a given TDD UL/DL configuration of Pcell, the combination with any TDD UL/DL configuration of Scell listed in column B creates mismatched subframe pair in which at least one DL subframe of Scell has a UL subframe in Pcell in the corresponding timing. Note that this categorization is derived from the data scheduling perspective. Taking the HARQ-ACK feedback aspect into account will result in different sets of combination of different TDD UL/DL configurations. The companion contribution [2] discusses HARQ-ACK feedback in DL and UL for the cases of different TDD configurations between CA cells.
Table 1. Cross-carrier scheduling and combination of different TDD UL/DL configurations
	TDD UL/DL configuration of cross-carrier scheduling cell
	TDD UL/DL configuration of cross-carrier scheduled cell

	
	A
	B

	0
	-
	1, 2, 3, 4, 5, 6

	1
	0, 6
	2, 3, 4, 5

	2
	0, 1, 6
	3, 4, 5

	3
	0, 6
	1, 2, 4, 5

	4
	0, 1, 3, 6
	2, 5

	5
	0, 1, 2, 3, 4, 6
	-

	6
	0
	1, 2, 3, 4, 5


5 Summary
Based on the discussions above, the proposal for the scheduling timing is summarized as below:
· In case cross-carrier scheduling is supported

· adjustment of scheduling timing from Rel-10 seems inevitable to address the timing of the mismatched subframe pairs
· alternatively, it is FFS to restrict the combinations of different UL/DL configurations such that adjustment of scheduling timing is not needed
· In case cross-carrier scheduling is not supported

· the scheduling timing can be kept as in Rel-10
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