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1
Introduction
Rel-10 carrier aggregation supports aggregation of TDD component carriers (CCs) with the same UL-DL configuration. The same UL-DL TDD configuration requirement simplifies the design and operation, but also imposes some restrictions.
In the Rel-11, carrier aggregation of TDD CCs with different UL-DL subframe configurations will be discussed. In this document we address the need and requirements for support of cross-carrier control in carrier aggregation of TDD CCs with different UL-DL subframe configuration. 
2
Discussion
2.2
Design Options


As mentioned in [1], the design objectives could include the following:

· Utilize as much as possible the Rel-8/9/10 defined timeline, control formats and control channels

· Support operation in heterogeneous network deployments

· Support operation with a single UL CC.
The major difficulty in aggregating CCs of different TDD UL-DL configurations is that there may be different number of UL and DL subframes and that they may be placed on different subframe positions within a radio frame, posing the control timing issues.      
The control design could allow cross carrier control or impose operation without cross-carrier control in the case of TDD carrier aggregation of different UL-DL configurations. 

2.2.1
 Cross-carrier Control

The operation without cross-carrier control in the case of TDD carrier aggregation of different UL-DL subframe configurations implies that there is no cross-carrier scheduling on DL/UL, but the control on PUCCH is still not decoupled among aggregated CCs. Hence, even without cross-carrier control, the UL control operation and timeline would have to be addressed, as discussed in [1].

The lack of cross-carrier control would pose a serious restriction for the case of heterogeneous network deployments, where it is envisioned as an important tool for providing inter-cell interference coordination for control channels. While aggregation of carriers with different TDD UL-DL subframe configurations offers desirable flexibility in operation for Rel-11, not providing cross-carrier control for this type of aggregation would imply step down from the Rel-10 functionality.
In the following discussion we provide some details on what is required to support the cross-carrier control for aggregation of carriers with different TDD UL-DL subframe configurations.

Due to different UL-DL subframe configurations of the aggregated CCs, some subframes can not be cross-scheduled if the scheduling CC is UL heavy with respect to other CCs (due to the lack of DL subframes). Also, there may be issues with PHICH due to the lack of DL subframes to carry it.
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Figure 1: Aggregation of different TDD UL-DL configuration CCs and scheduling issues
Different schemes may be considered, depending on whether the scheduling CC/PCC is DL heavy or UL heavy with respect to other aggregated CCs. 
For DL heavy scheduling CC, UL/DL scheduling is not impacted. The control timeline of PDCCH and utilization of specific DCI formats can follow the rules of the scheduled SCC configuration. Hence, the scheduling of the UEs by the cross-carrier scheduling and the same carrier scheduling on the SCC is time aligned. 
As mentioned above, for UL heavy scheduling CC, DL scheduling is impacted. The reason is the lack of DL subframes to schedule transmissions on the other CC (as shown in example in Figure 1). One straightforward solution is to enable cross-subframe scheduling, where possibly more than one DL subframe is cross-carrier scheduled at a given subframe.
In the same case of UL heavy scheduling CC, the UL scheduling of the cross-scheduled CC could follow the timeline defined for the UL-DL subframe configuration of the scheduling CC (due to the lack of DL subframes to follow the cross-scheduled CC timeline). Note that the UL subframes of the scheduling CC are the superset of the UL subframes of the cross-scheduled CC, and hence all cross-scheduled CC subframes are captured by the timeline.
The control feedback on PHICH can be transmitted only on subframes with non-zero PHICH resources, as defined by the scheduling CC UL-DL subframe configuration. The lack of DL subframes to carry PHICH (in the case of either UL heavy scheduling CC or zero-PHICH DL subframes) can be solved by defining a new PHICH timeline for some cases or relying on PHICH-less operation for those subframes. For UL heavy scheduling CC, if the UL scheduling for all CCs follows the timeline of the scheduling CC, it is a natural solution to have the PHICH of the cross-scheduled CC also follow the timeline defined for the scheduling CC configuration.  
An example of the control timeline for the case of UL heavy PCC with respect to the SCC is given in Figure 2. Subframes 1 and 6 of PCC cross-schedule DL subframes 1,3 and 6,8 of SCC, respectively. UL scheduling and PHICH for SCC follows the timeline of the PCC configuration. 
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Figure 2: An example for DL/UL control timeline when PCC is UL heavy with respect to SCC
One important thing to note is that no new timeline with respect to Rel-8 is introduced by taking the approach where UL scheduling and PHICH of the cross-scheduled SCC follows the timeline of the scheduling CC configuration.  

As far as the impact on control on UL is concerned, note that it is not related to the existence of cross-carrier scheduling, but is the general issue related to the single PUCCH on PCC (that is relevant for the no cross-carrier scheduling as well). Therefore, the same observations as in the case of no cross-carrier control also apply here.

 Table 1summarizes the additional requirements for support of the cross-carrier control.
Table 1. Summary of solutions for various situations
	
	DL scheduling 
	UL scheduling 
	PHICH 
	PUCCH 

	Scheduling CC/PCC
	DL heavy 
	UL heavy 
	DL heavy 
	UL heavy 
	DL heavy 
	UL heavy 
	DL heavy 
	UL heavy 

	Same carrier scheduling 
	- 
	- 
	- 
	- 
	- 
	- 
	Solution needed 
	- 

	Cross-carrier scheduling
	- 
	Cross-subframe control 
	- 
	Follow  scheduling CC timeline
	PHIC-less operation (for some subframes) 
	Follow  scheduling CC timeline 
	Solution needed
	- 


Based on the above discussion, we conclude that the additional requirements to support the cross-carrier control do not introduce significant specification or complexity impact, and at the same time provide for an important feature supported by Rel-10. 
3
Conclusions 

In this document we addressed the need and requirements for support of cross-carrier control for carrier aggregation of TDD CCs with different UL-DL subframe configuration. 
Based on the discussion, we propose the following:
· Support cross-carrier control for carrier aggregation of TDD CCs with different UL-DL subframe configuration

· Requirements for the support of cross-carrier control include cross-subframe DL scheduling, and UL scheduling and PHICH to follow the timeline defined for the scheduling CC configuration (as defined in Rel-8) in the case of UL heavy scheduling CC

·  Impact on PUCCH to be considered independently of cross-carrier control, since the impact is regardless of whether cross-carrier control is supported or not. 
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