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1 Introduction
Inter-band TDD carrier aggregation (CA) with different UL-DL configurations will be supported in Rel-11. In this contribution, we discuss the motivation and timing design principles for supporting cross-carrier scheduling in case of inter-band TDD CA with different UL-DL configurations. 

2 Motivation for cross-carrier scheduling
One of the motivations for introducing the inter-band CA with different TDD configurations is to support the scenario of the heterogeneous network (HetNet) where the traffic-dependent operation on carriers with different UL-DL configurations can be implemented [1]. Cross-carrier scheduling was introduced in Rel-10 as an efficient scheme for CA-based HetNet to mitigate the interference of control channels by adjusting the control channels of low-geometry UEs to a light-interfered carrier 
Based on the above discussion and also considering that cross-carrier scheduling is a mature feature specified in Rel-10, we suggest supporting cross-carrier scheduling for the inter-band CA with different TDD UL-DL configurations. 
Proposal 1: Cross-carrier scheduling should be supported for the inter-band CA with different TDD UL-DL configurations. 
3 Timing design for cross-carrier scheduling
Before the discussion of the timing design for cross-carrier scheduling, it is beneficial to make some general design principles first, in order to reduce unnecessary specification efforts. Specifically, it is preferred to use common principles as for the case of non cross-carrier scheduling. More discussion on the following principles can be found in [2]. 
Design principles: 

1. Only support TDD inter-band CA with at most two different UL-DL configurations in Rel-11. 

2. Only support the combinations of different UL-DL configurations with the same DL->UL switch point periodicity. 

3. PUCCH is always transmitted on the PCell. 

4. PHICH is transmitted on the cell which carries the corresponding UL_grant. 

Based on the assumption that PUCCH should be transmitted on the PCell, the UL ACK/NAK timing can be treated the same way for both cases with cross-carrier scheduling and without cross-carrier scheduling, which is discussed in [2]. In this section, therefore, we only discuss the timing for DL scheduling, UL scheduling and PHICH feedback for the case with cross-carrier scheduling. 
3.1 Timing rules for DL scheduling
The timing for DL scheduling refers to the timing between DL grant transmission and associated PDSCH transmission. For simplicity of description, we call the carrier which carries PDCCH as the cross-scheduling carrier, and the carrier which does not carry PDCCH as the cross-scheduled carrier. 
When the cross-scheduling carrier is DL-heavier compared to the cross-scheduled carrier, all the DL subframes on the latter carrier can be scheduled. However, when the c cross-scheduling carrier is UL-heavier, the DL subframes in the overlapped subframes on the cross-scheduled carrier cannot be scheduled based on the Rel-8 timing. For instance (shown in Fig. 1), the DL subframe 3 on the SCell cannot be cross-scheduled in subframe 3 according to the Rel-8 timing, since the subframe 3 on the PCell is a UL subframe. 
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Fig. 1. Timing issue for DL cross-carrier scheduling (UL-heavier carrier as the PCell)
Some options to solve this problem are analyzed below:
· Option 1: Always configure the DL-heavier carrier to carry PDCCH. 
· Option 2: Restrict the cross-carrier scheduling for the overlapped DL subframes on the DL-heavier carrier, i.e., in the overlapped subframe, the DL subframe is not cross-scheduled if the same subframe on the cross-scheduling carrier is a UL subframe. 
· Option 3: Multi-subframe scheduling is introduced for scheduling the overlapped DL subframes on the DL-heavier carrier. 

Option 1 cannot achieve that each aggregated carrier can be configured as the PCell (cross-scheduling carrier) in the system, and PDCCH of Macro and Pico cells have to be located on the same carrier, which can not fulfill the motivation of CA-based HetNet. Supporting option 2 requires small standard effort, but the UE DL peak data rate is decreased. For option 3, the DL resource can be fully utilized to maximize the UE DL peak data rate, while a DL indicator similar with the UL_index is needed in the DL_grant, where UL_index was defined in Rel-8 as a field in UL grant for UL-DL configuration 0. However, it is not preferred to add new bit(s) in the DL_grant, which brings additional complexity to the DCI design. The three options are compared as shown in Table 1. 
Table 1. Comparison of the options for the issue of DL cross-carrier scheduling
	
	Pros
	Cons

	Option 1

(DL-heavier carrier always configured to carry PDCCH)
	·  Small standard effort.
	· PDCCH of Macro and Pico has to be located on the same carrier, which cannot fulfill the motivation of CA-based Hetnet.

	Option 2

(restricted scheduling)
	· Small standard effort. 
	· The DL overlapped subframes on the DL-heavier carrier cannot be cross-scheduled. 

	Option 3

(Multi-subframe scheduling)
	· All the DL resource can be fully utilized.
	· Additional specification work needed, e.g., DL_index. 


Proposal 2: To solve the problem of DL cross-carrier scheduling when the overlapped subframe on the cross-scheduling carrier is a UL subframe, the solution can be chosen from option 2 (restricted scheduling) and option 3 (multi-subframe scheduling). 
3.2 Timing rules for UL scheduling and PHICH feedback

The timing for UL scheduling refers to the timing between UL grant transmission and the associated PUSCH transmission.
The case for UL cross-carrier scheduling is a little more complicated than that for DL, because different aggregated carriers with different TDD configurations may have different timing rules for UL scheduling. In addition, based on the timing rule of each carrier, the subframes containing PHICH resource may also be different for the aggregated carriers with different TDD configurations. In this section, the timing of UL scheduling and PHICH feedback is analyzed for two cases where the cross-scheduling carrier is either a UL-heavier or a DL heavier carrier. 
· Case 1: The cross-scheduling carrier is UL-heavier compared to the cross-scheduled carrier. 
In this case, some UL subframes on the DL-heavier carrier may not be cross-scheduled by following its own scheduling timing, because the original scheduling subframe based on its own timing may be a UL subframe on the UL-heavier carrier. For instance (shown in Fig. 2), based on the original timing, the subframe 3 for scheduling subframe 7 on the SCell is a UL subframe on the PCell. 
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Fig. 2. Case 1: UL heavier cell carries PDCCH
With principle 2 listed above, all the UL subframes in the DL heavier carrier correspond to concurrent UL subframes in the UL heavier carrier. So it is straightforward to cross-schedule the DL-heavier carrier and also the PHICH transmission by following the timing of the UL-heavier carrier. 
Proposal 3: If the cross-scheduling carrier is UL-heavier, the cross-carrier UL scheduling and PHICH feedback follow the timing of the cross-scheduling carrier. 
· Case 2: The cross-scheduling carrier is DL-heavier compared to the cross scheduled carrier. 
With principle 2 listed above, all the DL subframes in the UL heavier carrier correspond to concurrent DL subframes in the UL heavier carrier. So there is of no problem to keep the UL scheduling timing on the UL heavier carrier.  For instance (shown in Fig. 3), subframes 7 and 8 on the SCell are cross-scheduled by the subframes 1 and 4 on the PCell, respectively. 
If PHICH feedback also follows the timing of the cross-scheduled carrier, there may be some subframes where no backward compatible PHICH resource is reserved. For instance (shown in Fig. 3), only subframes 3 and 8 on the PCell have backward compatible PHICH resource, while no such PHICH resource is reserved in the subframes 1, 4, 6 and 9 (to carry PHICH transmission of subframes 7,8,2 and 3 on the SCell based on the SCell’s timing) on the PCell. Some options to solve this problem are listed below for analysis. 
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Fig. 3. Case 2: DL heavier cell (configuration 2) carries PDCCH
Option 1: Some non backward compatible PHICH resource is reserved for such subframes. 
Option 2: No PHICH feedback for such subframes, and UL grant for retransmission is used to indicate HARQ-NACK. 

Option 3: New PHICH timing is introduced. 

The three options are compared as shown in Table. 2.
Table 2. Comparison of the options for PHICH timing
	
	Pros
	Cons

	Option 1

(Non backward compatible PHICH resource)
	· PHICH timing not modified. 
	· Additional specification work for new PHICH resource reservation. 

	Option 2

(No PHICH feedback)
	· Simple.
· PHICH timing not modified.
	· More UL_grant overhead for retransmission. 

	Option 3

(New PHICH timing)
	· Backward compatible PHICH resource can be used. 
	· Additional specification work for new PHICH timing.


Proposal 4: If the cross-scheduling carrier is DL-heavier, the cross-carrier UL scheduling follows the timing of the cross-scheduled carrier. 

· PHICH timing should be considered, and solutions can be FFS.  

4 Conclusion
In this contribution, we discuss the motivation and timing design principles for supporting cross-carrier scheduling in case of inter-band TDD CA with different UL-DL configurations. The proposals are given as following: 
Proposal 1: Cross-carrier scheduling should be supported for the inter-band CA with different TDD UL-DL configurations. 
Proposal 2: To solve the problem of DL cross-carrier scheduling when the overlapped subframe on the cross-scheduling carrier (the carrier carrying PDCCH) is a UL subframe, the solution can be chosen from option 2 (restricted scheduling) and option 3 (multi-subframe scheduling). 

Proposal 3: If the cross-scheduling carrier is UL-heavier compared to the cross-scheduled carrier (the carrier being cross-scheduled), the cross-carrier UL scheduling and PHICH feedback follow the timing of the cross-scheduling carrier. 

Proposal 4: If the cross-scheduling carrier is DL-heavier compared to the cross-scheduled carrier, the cross-carrier UL scheduling follows the timing of its own carrier. 

· Cross-carrier PHICH feedback timing is FFS.  
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