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1. Introduction
In Rel-10, for TDD, carrier aggregation is introduced only for intra-band, and the TDD configurations are the same among all the CCs. In Rel-11, the objects of CA enhancement WID [1] include a bullet about inter-band carrier aggregation for TDD, which is “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. Therefore, in this contribution, we discuss the issues of HARQ and cross-carrier scheduling for different TDD configurations on different bands, and propose RAN2 to make some initial assumption for this new scenario.
2. Discussion
2.1. HARQ procedure
In Rel-10, the TDD DL&UL subframe configurations of the CCs in the same band should be the same, and this principle is also applicable in Rel-11. Therefore, only CCs on different bands can have different TDD configurations.
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 1, 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.
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Figure 1 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 2. Cell 3 is PCell.
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Figure 2 HARQ procedures on cell 1 and cell 3 (cell 3 is PCell)
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.
Proposal 1: RAN2 is proposed to discuss whether the mentioned issue of HARQ timing should be resolved.
2.2. Cross-carrier scheduling

In Rel-10, cross-carrier scheduling is introduced. And PCell can be configured to schedule other SCells. As shown in figure 3, for the different DL&UL subframe configuration scenario, cross-carrier scheduling is configured: cell 1 is PCell, and cell 3 is configured to be scheduled by cell 1. As cell 3’s subframe #4 is a DL subframe, it can only be scheduled by cell 1’s subframe #4. However, cell 1’s subframe #4 is a UL subframe. Therefore, there will be no transmission on cell 3’s subframe #4, which wastes the transmission resources.
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Figure 3 Cross-carrier scheduling between cell 1 and cell 3 (cell 1 is PCell)
This problem is also suggested to be considered for the different DL&UL subframe configuration scenario in Rel-11. A simple solution is to only configure cross-carrier scheduling in the cells with same DL&UL subframe configuration.
Proposal 2: RAN2 is proposed to discuss whether the mentioned issue of cross-carrier scheduling should be resolved.
Considering some basic mechanisms are based on the working assumption of same TDD UL&DL configuration, any modification on these mechanisms would introduce much complexity and less compatibility, Hence, if performance is not deemed too poor, current Rel-10 working assumptions and TDD mechanisms on CA, e.g. HARQ timing and scheduling timing, should be reused for inter-band CA of different TDD configurations as much as possible.
Proposal 3: Reuse the current TDD mechanisms, e.g. HARQ timing and scheduling timing for the scenario of inter-band CA of different TDD UL&DL subframe configurations as much as possible.
3. Conclusion
This contribution discusses the issues of HARQ and cross-carrier scheduling for different TDD configurations on different bands in Rel-11. And we propose:
Proposal 1: RAN2 is proposed to discuss whether the mentioned issue of HARQ timing should be resolved.
Proposal 2: RAN2 is proposed to discuss whether the mentioned issue of cross-carrier scheduling should be resolved.
Proposal 3: Reuse the current TDD mechanisms, e.g. HARQ timing and scheduling timing for the scenario of inter-band CA of different TDD UL&DL subframe configurations as much as possible.
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