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1. Introduction

In LTE-A release 10, the carrier aggregation for TDD is supported only for the same TDD UL/DL configurations across all configured serving cells. However, the different TDD UL/DL configurations on different bands are considered for LTE-A release 11 [1].
In this contribution, we discuss the basic approach to support the different TDD UL/DL configurations among configured serving cells.
2. Methods to Support the Different UL/DL Configurations
When different TDD UL/DL configurations are used among configured serving cells, the main concern may be the different control timing (e.g., PDSCH-to-PUCCH, PUSCH-to-PHICH, etc) among configured serving cells.
Figure 1 shows an example for PUCCH timing issue when different TDD UL/DL configurations are applied between configured serving cells. In Rel-10, ACK/NACK feedback across all configured cells should be transmitted on a single PUCCH only on the PCell. If the Rel-10 concept would be directly extended for different TDD UL/DL configurations, each cell can be considered as the reference cell for PUCCH timing. From the Figure 1, the different DL (for Cell #0) and UL subframe (for Cell#1) at subframe 4 exists in the different cells. Because the subframe 4 is not the uplink for PCell, the HARQ-ACK for n-5th subframe (subframe 9) and n-4th subframe (subframe 0) of SCell cannot be transmitted in subframe 4, in which some additional solutions would be required. Similar issues also exist other control timing. For examples, there may be no DL subframe for PHICH on PCell in some cases in response to PUSCH on SCell when the cross carrier scheduling is configured.
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Figure 1. Example of the PUCCH timing for different TDD UL/DL configurations between two configured serving cells.
To address these timing issues, we can consider two options as follows:
· Option 1 : Multiple anchor group approach
Given that the different TDD UL/DL configurations would be typically applied for different bands, the similar approach like TA group [2] can be considered as shown in Figure 2. For each group, there is a single anchor cell which can transmit PUCCH and a UE can assume that all configured serving cells within a group have the same TDD UL/DL configurations. Since the eNB can control the group configurations, it does not necessarily mean that all cells with the same TDD UL/DL configurations shall be included in the same group. It is noted that the number of PCell can be still one while the number of anchor groups is multiple. When there are n groups, the multiple PUCCHs can be transmitted on n anchor cells in n anchor group. The same principle as Rel-10 for all the transmissions related can be applied per anchor group.
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Figure 2. Multiple anchor group approach
· Pros

· Simple and straightforward
· Very limited additional specification effort
· Simple extension for all combinations of different TDD UL/DL configurations

· Cons

· Restriction of flexibility

· A cross-carrier scheduling may be prohibited across groups (or bands) in order not to introduce more specification efforts.
· Given each anchor cell is not deactivated like PCell, the cell configuration flexibility may be reduced for SCell activation/deactivation in order not to introduce more specification efforts.
· Option 2 : Single anchor group approach
As in Rel-10 CA, we can also consider single anchor group approach where PUCCH is transmitted only on PCell as shown in Figure 3. Given that, some significant issues need to be addressed as discussed above such as the timing for PDSCH to PUCCH, for PUSCH to PHICH or etc. In order to solve those issues, some approaches (for example, readjustment of the related timing such as the HARQ-ACK timing for SCell in case that the corresponding PCell subframe is not defined for UL subframe, etc.) can be considered. However, these solutions may require much larger specification efforts compared to Option 1 above. 
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Figure 3. Single anchor approach
· Pros

· Flexibility

· A cross-carrier scheduling can be possible for all configured serving cells as in Rel-10 with some more considerations.
· The cell configuration flexibility can be maintained as the same in Rel-10.
· Cons 
· Need to the large specification efforts
· Need to consider all the combinations or some restrictions for TDD UL/DL configurations
Based on the discussions so far, Option 1 is more viable and simpler solution with minimizing the specification efforts and possibly has almost no critical issue on Rel-11 timeline. On the other hands, considering CA-based HetNet with cross-carrier scheduling and additional flexibility, further study for Option 2 is desirable in system perspective. Therefore, we propose the Option 1 should be a baseline for the approach of different TDD UL/DL configurations on different bands. In addition, the Option 2 should also be further studied to provide more flexibility in those scenarios. 
3. Conclusion

In this contribution, we discussed the timing issue with different TDD UL/DL configurations on different bands and possible two solutions. As a conclusion, we propose the following;
Multiple anchor group approach (Option 1) should be a baseline. In addition, single anchor group approach (Option 2) should also be further studied to provide more flexibility in various scenarios.
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