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1. Introduction
In Rel-10, only intra-band carrier aggregation is supported for TDD UL and DL. In Rel-11, the inter-band carrier aggregation for TDD UL and DL should be supported including different uplink-downlink configuration on different bands [1]. Therefore, in this contribution, we discuss the possible scenarios and potential issues for inter-band TDD carrier aggregation, and propose some possible directions for enhancements.
2. Discussion
2.1. Scenarios
In Rel-10, there are 5 scenarios for CA deployment, as shown in figure 1. Except scenario#1 only applies for intra-band CA deployment, the other 4 scenarios can apply for both inter-band and intra-band CA deployment. In Rel-11, the applications of inter-band CA for TDD can be easily extended in scenario 2, 3, 4 and 5.
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(a) Scenario 1                                (b) Scenario 2
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(c) Scenario 3                                (d) Scenario 4
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(e) Scenario 5
Figure 1 Deployment scenarios of CA in Rel-10
In Rel-10, due to the intra-band CA restriction, the UL&DL subframe configuration (excluding special subframe configuration) of all the aggregated TDD cells should be same. With the introduction of inter-band CA deployment supported for TDD, the restriction of same TDD-configuration for all aggregated cells is not very appropriate. Due to the interference avoidance from other adjacent TDD system(s), the TDD cells on certain bands may have a specific TDD subframe configuration, which is different from the other band’s TDD cells. When these cells of different bands are aggregated for one UE, it means the aggregated cells with different TDD subframe configurations should be supported.
Proposal 1: Inter-band carrier aggregation for TDD can be supported in scenario 2, 3, 4 and 5, including the cases of same and different UL&DL subframe configurations on different bands.
2.2. Potential issues and possible enhancements
As analysis above, there are two kinds of inter-band CA for TDD to be studied in Rel-11:

1) Aggregated cells with same UL&DL subframe configuration

2) Aggregated cells with different UL&DL subframe configuration

And the following discusses the potential issues for the two cases respectively.
· Same UL&DL subframe configuration

Except the multi-TA issue, the Rel-10 mechanisms of intra-band CA for TDD can work well in the case of inter-band TDD cells aggregation with same UL&DL subframe configuration. The only work is to make some revisions on current specifications to support the use case of DL inter-band CA for TDD, e.g. the aggregated TDD cells can be inter-band.

· Different UL&DL subframe configuration

As discussed and agreed in RAN2#70bis [2], for intra-band CA of TDD, the UL&DL subframe configuration should be the same among all CCs. The reason is that if the uplink and downlink transmission co-exist on the adjacent frequency, it will bring serious interference problem. Therefore, it is proposed to keep this requirement for this scenario, i.e. the cells in same band that can be aggregated should have same UL&DL subframe configuration, and only cells in different bands can have different UL&DL subframe configuration.
Proposal 2: The aggregated cells in the same band should have same UL&DL subframe configuration.
TDD mechanisms for CA in Rel-10 are based on the assumption that in one TTI, there is only UL or DL subframe among all aggregated cells. The inter-band CA of different UL&DL subframe configuration will break the assumption, because in one TTI, there can be simultaneous UL and DL on different aggregated cells. This will cause some impacts on the HARQ timing, scheduling timing, etc, and should be considered in Rel-11. 
An example of HARQ procedure is given as below. As shown in figure 2, Cell 1 and Cell 2 are on band A with TDD configuration 0 (DSUUUDSUUU), and Cell 3 and Cell 4 are on band B with TDD configuration 1 (DSUUDDSUUD). All the four cells can be aggregated, and Cell 3 is PCell.
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Figure 2 inter-band CA for TDD with different DL&UL subframe configuration
Since each cell has its own HARQ entity, using current HARQ timing, the subframes for uplink feedback on Cell 1 and Cell 3 are shown in figure 3. For subframe#0, Cell 1’s UL feedback subframe is #4 (a DL subframe on Cell 3), and Cell 3’s UL feedback subframe is #7. This means, for the same DL subframe, it UL feedback subframe on different aggregated cells are different. This is not supported in Rel-10.
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Figure 3 HARQ procedures on cell 1 and cell 3 (cell 3 is PCell)
Considering some basic mechanisms are based on the working assumption of same TDD UL&DL configuration, the modification on these mechanisms would introduce much complexity and less compatibility, Hence, if there is no big problem to be pointed out, current Rel-10 working assumptions and TDD mechanisms on CA should be reused for inter-band CA of TDD to the most extent.
Proposal 3: It is proposed to reuse the current TDD mechanisms to the most extent for the scenario of different UL&DL subframe configuration.
3. Conclusion
This contribution discusses the issues about inter-band CA for TDD in Rel-11. And we propose:
Proposal 1: Inter-band carrier aggregation for TDD can be supported in scenario 2, 3, 4 and 5, including the cases of same and different UL&DL subframe configurations on different bands.
Proposal 2: The aggregated cells in the same band should have same UL&DL subframe configuration.
Proposal 3: It is proposed to reuse the current TDD mechanisms to the most extend for the scenario of different UL&DL subframe configuration.
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