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1 Introduction
As for the support of cross-carrier scheduling in Rel-11 TDD CA, support of cross-carrier scheduling for PDSCH was agreed in RAN1#67 as captured below:
· Working assumption to support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n
· FFS support of other type of cross-carrier scheduling in Rel-11
On the other hand, cross-carrier scheduling for PUSCH has not been discussed enough due to lack of time and is still open. Related with the issue, introducing no new HARQ-ACK timing was agreed as working assumption in the RAN1#67 as well. This contribution discusses details on cross-carrier scheduling of PUSCH taking into account this no new HARQ-ACK timing agreement. Note that the companion contribution [1] discusses the need for cross-carrier scheduling in Rel-11 TDD CA.
2 Cross-carrier scheduling of PUSCH
Figures 1 and 2 illustrate the cases of PUSCH cross-carrier scheduling according to the combination of subframe pair between aggregated cells for the PDCCH and PUSCH transmission, respectively. Alignments of DL/UL subframes in Pcell and Scell are categorized into four cases to discuss and decide on the cases supporting the cross-carrier scheduling. In Cases 1 and 2, Pcell has UL subframe as well in the timing of PUSCH transmission on Scell. On the other hand, in Cases 3 and 4, Pcell has DL subframe in the timing of PUSCH transmission on Scell. In all cases, PDCCH in subframe n on Pcell schedules PUSCH transmission in subframe n+k on Scell. 
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Figure 1. PUSCH cross-carrier scheduling with PUSCH subframes aligned in both cells.
Case 1

As illustrated in Figure 1(a), in subframe n+k, both Pcell and Scell have UL subframes, while in subframe n both cells have DL subframes. The subframe n corresponds to PDCCH timing to schedule PUSCH transmission in subframe n+k for both Pcell and Scell. That is, the scheduling timing is the same for the PUSCH sent in subframe n+k for both cells.
For Case 1, the PDCCH on Pcell in subframe n can schedule PUSCH transmission on Scell in subframe n+k, as per the scheduling timing identical for both Pcell and Scell. From the PDCCH perspective, PDCCH in subframe n can schedule PUSCH on either Pcell or Scell in subframe n+k. For the PUSCH on Scell in subframe n+k, the scheduling timing is identical regardless of cross-carrier scheduling or self-scheduling. Also, the corresponding PHICH timing is the same as the one defined for Pcell and Scell.
Observation: 
For Case 1, it is straightforward to support cross-carrier scheduling of PUSCH, as PUSCH and corresponding UL grant timings are aligned between Pcell and Scell. 

Case 2

As in Case 1, in subframe n+k, both Pcell and Scell have UL subframes (Figure 1(b)). However, unlike Case 1, the subframe for PDCCH scheduling PUSCH transmission in subframe n+k is different between Pcell and Scell. For Pcell, subframe n corresponds to PDCCH timing to schedule PUSCH in subframe n+k, while for the TDD UL-DL subframe configuration of Scell, subframe n’ (n’≠n) is the timing to transmit PDCCH for the PUSCH on Scell in subframe n+k (=n’+k’). That is, the scheduling timing is different between Pcell and Scell for the PUSCH sent in subframe n+k.

For cross-carrier scheduling, the PDCCH on Pcell in subframe n can schedule PUSCH on Scell in subframe n+k applying the scheduling timing defined for Pcell. From the PDCCH perspective, PDCCH in subframe n can schedule PUSCH on Pcell and Scell in the same subframe n+k. However, unlike Case 1, for the PUSCH on Scell in subframe n+k, the scheduling timing can be different between the cases of cross-carrier scheduling and self-scheduling. For Case 2, the corresponding PHICH timing in cross-carrier scheduling cases is the one defined for Pcell.
Observation: 
For Case 2, cross-carrier scheduling of PUSCH can be easily supported by applying the scheduling timing defined for the TDD UL-DL subframe configuration of Pcell.
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Figure 2. PUSCH cross-carrier scheduling with PUSCH subframes not aligned in both cells.

Case 3
In Case 3 illustrated in Figure 2, in subframe n+k where PUSCH is to be transmitted in the UL subframe of Scell, Pcell has DL subframe. In subframe n, both Pcell and Scell have DL subframes. For the TDD UL-DL subframe configuration of Scell, the subframe n is the timing to transmit PDCCH for PUSCH on Scell in subframe n+k, whereas the subframe n+k is DL subframe in Pcell.
For cross-carrier scheduling, the PDCCH on Pcell in subframe n can schedule PUSCH on Scell in subframe n+k if the scheduling timing defined for the TDD UL-DL subframe configuration of Scell is applied. Then, for the PUSCH on Scell in subframe n+k, the scheduling timing is identical for both cross-carrier scheduling and self-scheduling. In The corresponding PHICH should be transmitted on Pcell with applying the DL HARQ-ACK timing defined for Scell. This requires PHICH resources for Scell in the corresponding subframe on Pcell. But, some TDD DL subframes do not support configuring PHICH resources for each TDD UL-DL subframe configuration in legacy PHICH design and in those subframes, it is not possible to transmit legacy PHICH.
Observation: 
For Case 3, it is possible to support cross-carrier scheduling of PUSCH by applying the scheduling timing defined for the TDD UL-DL subframe configuration of Scell. However, provisioning of PHICH resources in response to the PUSCH sent on Scell is not possible in some cases.
Case 4
As in Case 3, in subframe n+k where PUSCH is to be transmitted in the UL subframe of Scell, Pcell has DL subframe. But, unlike Case 3, in subframe n’ where Scell has DL subframe for the PDCCH transmission to schedule the PUSCH transmission in subframe n+k, Pcell has UL subframe. For the TDD UL-DL subframe configuration of Scell, the subframe n is the timing to transmit PDCCH for PUSCH on Scell in subframe n+k, whereas the subframe n+k is DL subframe in Pcell.
For cross-carrier scheduling, the PDCCH on Pcell in subframe n may schedule PUSCH on Scell in subframe n+k by applying additional scheduling timing not defined either for Pcell or Scell. For the PUSCH transmitted on Scell in subframe n+k, the scheduling timing is different between the cases of cross-carrier scheduling and self-scheduling. For Case 4, the corresponding PHICH is transmitted on Pcell applying the additional HARQ-ACK timing not defined either for Pcell or Scell. It may require defining PHICH resource for Scell on the corresponding subframe on Pcell and this subframe on Pcell may not be allocated the PHICH resource for Pcell.

Observation: 
For Case 4, supporting cross-carrier scheduling of PUSCH requires introducing additional scheduling timing other than Pcell timing and Scell timing and provisioning of PHICH resources in response to the PUSCH sent on Scell is not possible in some cases. In addition, odds of occurrences are very low (Table 1).
Table 1 provides the summary of above analysis. Among all combinations, Case 2 occurs most frequently (42.0%) and Cases 1 and 3 occurs in the odds of 20.3% and 35.5%. On the other hand, Case 4 occurs rarely (2.2%). 
Table 1. Summary of cases of PUSCH cross-carrier scheduling
	
	Scheduling timing and HARQ-ACK timing are according to
	PDCCH in subframe n schedules PUSCH in subframe n+k on
	Scheduling timing for the PUSCH on Scell depending on cross-carrier scheduling or self-scheduling is 
	Occurrences

	Case 1
	Pcell (= Scell)
	Pcell and Scell 
	invariant 
	20.3%

	Case 2
	Pcell
	Pcell and Scell
	variant
	42.0%

	Case 3
	Scell
	Scell
	invariant
	35.5%

	Case 4
	Additional timing
	Scell
	variant
	2.2%


3 Conclusion
This contribution discussed support of cross-carrier scheduling for PUSCH with addressing the agreement in RAN1#67 to not introduce new HARQ-ACK timing. The following observations have been made for all conceivable cases of DL/UL subframe alignments between Pcell and Scell:
· For Case 1 (Figure 1(a)): 

· It is straightforward to support cross-carrier scheduling of PUSCH, as PUSCH and corresponding UL grant timings are aligned between Pcell and Scell.
· For Case 2 (Figure 1(b)):

· Cross-carrier scheduling of PUSCH can be easily supported by applying the scheduling timing defined for the TDD UL-DL subframe configuration of Pcell.
· For Case 3 (Figure 2(a)):

· It is possible to support cross-carrier scheduling of PUSCH by applying the scheduling timing defined for the TDD UL-DL subframe configuration of Scell. However, provisioning of PHICH resources in response to the PUSCH sent on Scell is not possible in some cases.
· For Case 4 (Figure 2(b)):

· Supporting cross-carrier scheduling of PUSCH requires introducing additional scheduling timing other than Pcell timing and Scell timing and provisioning of PHICH resources in response to the PUSCH sent on Scell is not possible in some cases. In addition, odds of occurrences are very low.
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