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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. It is agreed the different TDD UL/DL configurations on different bands are supported for LTE-A release 11 based on following observed benefits: [1]
· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate
In this contribution, we discuss the high level approaches to support the different TDD UL/DL configurations for inter-band CA and we provide the general views with the proposed methods.
2. Design approach to Support the Different UL/DL Configurations
From RAN1 #66 and #66bis meeting [1]
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[2], several benefits and problems were issued, and a number of solutions have been proposed to support the different TDD UL/DL configuration for inter-band CA. Although its benefits (e.g., higher peak rate, flexible configuration, etc) can be maximized with the UE having simultaneous Tx/Rx capability, it is not easy to assume all UEs has the capability of full duplex for inter-band CA [3] and it may be not applicable for some scenarios like UL non-CA. Moreover, even if there is UE without simultaneous Tx/Rx capability, it is also beneficial with different TDD UL/DL configuration among inter-band CA since it can still enjoy carrier aggregation for additional throughput. Therefore, to optimize system throughput for high-end UE and to support various scenarios for low-end UE, two methods for various scenarios should be considered on different UL/DL configurations for inter-band CA. Method 1 is for UE with simultaneous Tx/Rx and with configured UL CA, and Method 2 is for UE with no simultaneous Tx/Rx or with UL non-CA. With two methods, all possible scenarios related to the UE capability and CA configuration can be efficiently supported for inter-band CA with different TDD UL/DL configurations [4].
· The different TDD UL/DL configurations for inter-band CA shall be supported by two methods to maximize DL/UL throughput with network flexibility for high-end UE and to provide additional benefits together with full duplex UEs by possibly aggregating more DL/UL subframes for low-end UE.

3. Methods to Support the Different UL/DL Configurations
In this contribution, we summaries two methods to support different UL/DL configurations for inter-band CA. 
Method 1 for high-end UE (UL CA with simultaneous Tx/Rx capability)
Method 1 for high-end UE has multiple anchor groups, the similar approach like TA group [5] as shown in Figure 1. 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. 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 (or bands), 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. Method 1 is very simple and straightforward solution without large specification effort and without any restriction related to the number of band or combinations of different UL/DL configurations.

There might be a concern that the coverage for PUCCH would be decreased due to multiple PUCCH transmissions. However, it is not anticipated that the power-limited UE is configured by carrier aggregation as discussed in the context of ACK/NACK repetition which is not allowed in carrier aggregation in Rel-10 [6]. 

There might be also a concern that multiple PUCCH transmissions would result in out-of-band emission issue such as IMD (Inter-Modulation Distortion) which was discussed in Rel-10. However, those were discussed for a UE using a single RF front end in carrier aggregation. Since a UE for inter-band CA and for intra-band non-contiguous CA needs to use multiple RF front end, no IMD issue is foreseen [7]. 
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Figure 1. Multiple anchor group approach
Method 2 for low-end UE (other cases)
Method 2 for low-end UE only has a single anchor cell (i.e. PCell) as in Rel-10 as shown in Figure 2. Given that, some solutions need to be addressed such as the HARQ timing for PDSCH to PUCCH, for PUSCH to PHICH or etc. In order to solve those issues, some approaches (e.g., the definition of a reference UL/DL configuration whose HARQ timing is used across configured serving cells with different UL-DL configuration, etc.) can be considered. In fact, these solutions may require more specification efforts compared to Method 1 above in order for supporting the UEs with limited capability, and some restrictions for number of bands (or combinations of UL/DL configurations) might be necessary. But, a cross-carrier scheduling may be possible for all configured serving cells as in Rel-10 with the relevant solution for some exceptional cases. More details of method 2 is provided in [4].
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Figure 2. Single anchor approach
4. General views to Support the Different UL/DL Configurations
We summaries the general views based on two methods for some addressed questions in [2]. 

· Is cross-carrier scheduling between aggregated TDD cells with different UL/DL configurations supported?

· For method 1, allowing cross-carrier scheduling within a band and not allowing cross-carrier scheduling across bands are a baseline. However, it can be further studied if cross-carrier scheduling across bands is possible with a limited impact on the specification.
· For method 2, allowing cross-carrier scheduling both within a band and across bands is a baseline. In addition, a relevant solution (e.g. cross-subframe scheduling or other solution) can be introduced for handling of some exceptional cases. 
· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic)

· For method 1, there is no limitation up to 5 configured serving cells in band-agnostic design in RAN1.
· For method 2, at most 2 bands are supported to reduce the complexity and specification efforts.
· Are there any restrictions on which combinations of UL/DL configurations can be aggregated?

· For method 1, there is no restriction and the degree of freedom fully supported.
· For method 2, the restriction for combinations of UL/DL configurations is FFS.
· Is PUCCH still transmitted on only 1 CC?

· For method 1, PUCCH can be transmitted on multiple CCs (1 CC per group or band).
· For method 2, PUCCH is always transmitted on only 1 CC (i.e. PCell).
· Is PUCCH always on the PCell?

· For method 1, PUCCH can be transmitted on the PCell as well as SCell.
· For method 2, PUCCH is always transmitted only on the PCell.
· Is PHICH transmitted on the cell carrying the UL grant?

· For both methods, PHICH is transmitted on the cell carrying the UL grant.
· Same HARQ timing rules as in Rel-10?

· For method 1, the same Rel-10 HARQ timing per cell according to the UL/DL configuration of each cell is applied.
· For method 2, the existing Rel-10 HARQ timing is reused by defining the reference UL/DL configuration whose HARQ timing is applicable across different UL/DL configurations. 
· Same scheduling timing as in Rel-10?

· For method 1, the same Rel-10 scheduling timing per cell according to the UL/DL configuration of each cell is applied.
· For method 2, reuse of the existing Rel-10 scheduling timing is a baseline with the reference UL/DL configuration. In addition, a relevant solution can be introduced for some exceptional cases in case of cross-carrier scheduling. 
5. Conclusion

In this contribution, we discussed the two methods to efficiently support the different TDD UL/DL configurations on different bands. We propose the different TDD UL/DL configurations for inter-band CA shall be supported by two methods to maximize DL/UL throughput with network flexibility for high-end UE and to provide additional benefits together with full duplex UEs by possibly aggregating more DL/UL subframes for low-end UE. Based on two methods, answers for some addressed questions also were provided.
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