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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, the carrier aggregation of TDD CCs with different UL-DL configurations will be discussed. In this document we address the use cases, potential design options, requirements, and challenges. 
2
Discussion
2.1
Use Cases

In Rel-10 specification, only the aggregation of TDD CCs of the same UL-DL configuration is defined. While this simplifies the design and operation, it also poses some restrictions.
Imbalanced traffic load on UL and DL may require aggregation of carriers with different number of UL and DL subframes. For example, in case of three CCs and higher DL load (especially for UEs capable of supporting carrier aggregation and high data rates), two CCs may be configured with the balanced UL-DL TDD configuration (e.g. configuration 1) to support legacy UEs (single carrier Rel-8/9 UEs and Rel-10 carrier aggregation capable UEs), while the third CC may be configured with a DL-subframe-heavy configuration (e.g. configuration 4 or 5) to meet the DL traffic needs.
In heterogeneous network deployments, Macro and Pico cells may not have the same needs in terms of DL-UL configuration on their respective interference protected CCs. The aggregation of different TDD CCs with different UL-DL configuration would allow desirable CC configurations and utilization of all CCs by all cells.
Additionally, different UL-DL configurations of the aggregated CCs may be desirable in cases where one CC would be primarily used for broadcast/multicast services (eMBMS). 

2.2
Design Options


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
No Cross-carrier Control

The operation without cross-carrier control in the case of TDD carrier aggregation of different UL-DL 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.

In cases where primary CC (PCC) carrying the PUCCH is UL heavy with respect to other CCs (i.e. PCC has the UL-DL configuration such that the number of UL subframes in a radio fame is larger than the number of UL subframes of any other UL-DL configuration of the SCCs), generally there is no problem since the UL control for SCCs can be conveyed on the applicable UL subframes according to the SCC timeline. 
In the case where PCC is DL heavy with respect to other CCs (i.e. there are aggregated SCCs of configurations with more UL subframes), PUCCH transmission needed for SCCs will not be accommodated on all subframes due to the lack of UL subfrmes on PCC. An example is given in Figure 1, where DL subframes 4 and 9 on the CC1 with the UL-DL configuration 1 can not be scheduled due to the lack of HARQ feedback for those subframes. The HARQ feedback for DL subframes 4 and 9 can not be transmitted because PCC UL-DL configuration 2 contains DL subfrmes on subframes 3 and 8, while those are UL subframes for the UL-DL configuration 1 of the CC1. Hence, solutions addressing the control feedback on UL need to be considered.
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Figure 1: Aggregation of different TDD UL-DL configuration CCs and feedback issues
Note that there are certain aggregation combinations that are especially problematic, irrespective of the number of UL/DL subframes defined for them.  Those are the aggregations of UL-DL configurations where on some subframes one CC has UL and the other one has DL subframe, and the other way around. Namely, those configuration aggregations are (1, 3), (2, 3), and (2, 4), as highlighted in Table 2.
Table 2
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Therefore, for special aggregation cases (as pointed out above) and DL heavy PCC (with respect to other CCs), the control transmission on PUCCH needs to be addressed.
2.2.2
Cross-carrier Control

The approaches to consider could involve no changes in timeline and control with respect to Rel-8/9/10, or allow some changes with respect to Rel-8/9/10 in control/timeline. 
In the case where no changes are envisioned, due to different UL-DL subframe configurations of the aggregated CCs, some subframes can not be 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 2: Aggregation of different TDD UL-DL configuration CCs and scheduling issues
If some changes with respect to Rel-8/9/10 in control/timeline are foreseen, several different schemes may be considered. The solutions are generally different, depending on whether the scheduling CC/PCC is DL heavy or UL heavy with respect to the 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 a lack of DL subframes to schedule transmissions on the other CC (as shown in example in Figure 2). One straightforward solution is to enable cross-subframe scheduling, where possibly more than one DL subframe is cross-carrier scheduled at a given subframe.
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.

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 stated in subsection 2.2.1also apply here.

3
Conclusions 

In this document we addressed the use cases, potential design options, requirements, and challenges of the carrier aggregation of TDD CCs with different UL-DL configurations. 
We concluded the following:
· Carrier aggregation of TDD CCs with different UL-DL configurations offers flexibility in operation for load balancing,  heterogeneous network deployments, and operation with eMBMS
· Consider designs solutions maximizing the use of existing Rel-8/9/10 procedures, providing efficient support of CA-based heterogeneous network deployments, and providing support of operation with a single UL CC
· Need to address the impact on UL control due to PUCCH transmission only on PCC
· Need to address the impact on DL control when cross-carrier control is configured
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