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1. Introduction
In RAN1#74, the following agreements were made [1].
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This contribution considers the carrier aggregation (CA) solution for TDD-FDD joint operation.
2. Discussion
2.1. Clarification for discussion of the TDD-FDD CA solution
As agreed in RAN1#74, LTE TDD-FDD CA is identified as a solution for TDD-FDD joint operation. This solution stems from the TDD-TDD/FDD-FDD CA specified in Rel-11, providing a natural evolution that fits the current procedures and minimizes the number of changes that should be introduced in the standard (therefore minimizing the standardization impact). We consider that an important amount of effort was poured into the harmonization of TDD-TDD/FDD-FDD CA for Rel-11, and it would be a sensible line of action to leverage that work for the TDD-FDD joint operation standardization. Particularly, inter-band TDD-TDD CA with different UL/DL configurations seems a good starting point for the standardization discussion.
Therefore we propose to start the discussion of the TDD-FDD CA solution based on the Rel-11 TDD-TDD/FDD-FDD CA in order to provide a natural extension and minimize the standardization impact.
Observation:

· The starting point for the discussion of the TDD-FDD CA solution should be the Rel-11 TDD-TDD/FDD-FDD CA.
· In that case changes from Rel-11 TDD-TDD/FDD-FDD CA can be minimized.
2.2. Functionalities of the TDD-FDD CA solution

Part of the existing mechanisms defined for the Rel-11 TDD-TDD/FDD-FDD CA may be reused for the TDD-FDD CA solution. We give our view on the following topics.
2.2.1. Inter-band synchronization and timing control
The TDD-FDD CA solution is only applicable to inter-band CA, as by definition FDD and TDD are used in separate bands. For a non-co-located scenario (which is one of the agreed scenarios for the TDD-FDD joint operation), multiple timing advances can provide synchronization across the different bands. Under the current eNB requirements, the eNB is required to have time-alignment accuracy of up to 260 ns for the inter-band CA. It is natural for the TDD-FDD CA to apply the same accuracy as the current time-alignment requirement.
In Rel-11, radio frame synchronization is required for TDD-TDD/FDD-FDD CA. We consider that TDD-FDD CA extends from these solutions, and therefore radio frame synchronization seems a natural baseline assumption for discussion of the TDD-FDD CA solution (e.g. PUCCH transmission). 
On the other hand, radio frame synchronization between neighbour eNBs is only required for TDD. Even though FDD cells do not need that level of synchronization, requiring radio frame synchronization between the FDD carrier and the TDD carrier within an eNB for TDD-FDD CA effectively results in radio frame synchronization between neighbour eNBs being also required for FDD.

Proposal 1:

· Radio frame synchronization should be assumed for the TDD-FDD CA solution.
2.2.2. UL/DL CA capability
For FDD-FDD/TDD-TDD CA, the UE transfers its CA capabilities to the eNB independently for the UL and the DL. The number of combinations of DL CA and UL CA affects significantly the test complexity; therefore, considering that the largest benefits are attained from the DL CA, the test complexity can be greatly reduced if the DL CA capability and the UL CA capability can be transferred independently. As a result, a UE may be able to receive from two or more different DL cells, but only able to transmit through one UL cell. For this reason it is important that the UE can send all its PUCCH information to only one cell (i.e. the PCell), for instance DL HARQ-ACK feedback, periodic CSI reporting, and/or scheduling requests. In order to keep the UE complexity of Rel-12 TDD-FDD CA capable UEs similar to the complexity of Rel-10/11 FDD-FDD/TDD-TDD CA capable UEs, the UL/DL CA capabilities of the UEs for TDD-FDD CA should be kept independent as in FDD-FDD/TDD-TDD CA.
However, the HARQ-ACK procedure for TDD-FDD CA may need to be specified with regard to the HARQ-ACK timing and the HARQ-ACK bundling/multiplexing between the TDD cell and the FDD cell. TDD-TDD CA with different UL/DL configurations may be regarded as the starting point for the HARQ-ACK procedure specification.

Proposal 2:

· Separate support of DL CA capability and UL CA capability should be assumed for the TDD-FDD CA solution.
2.2.3. System information and paging

For FDD-FDD/TDD-TDD CA, the system information of the PCell is broadcasted by the PCell, while the system information of the SCell is configured through dedicated RRC signaling. The UE is not expected to monitor the broadcasted MIB/SIB of the SCell. As for paging, the UE is only expected to monitor it on the PCell. These behaviors should be assumed for the TDD-FDD CA solution and should be reused.
Proposal 3:

· System information configuration of SCell through RRC signaling should be reused for the TDD-FDD CA solution.
2.2.4. Random access procedure
In Rel-11, random access procedures for PCell and SCell were introduced in order to achieve multiple timing advances. The random access responses of both cells are transmitted in the PCell CSS. If non-co-located deployment is an important scenario for the TDD-FDD CA solution, the random access procedure of the SCell must be supported. The legacy procedure is available for TDD-FDD CA as it is, since there is no difference between TDD and FDD in terms of the random access procedure.
Proposal 4:

· Random access procedures including multiple timing advances should be reused for the TDD-FDD CA solution.
2.2.5. Cross carrier scheduling
Cross carrier scheduling is supported for TDD-TDD CA with different UL/DL configurations. However, in the TDD-FDD CA case with the PCell configured as TDD, cross carrier scheduling may result in the inability to schedule quite a few of the subframes of the FDD SCell. Moreover, UL HARQ-ACK timing may be affected, since the PHICH for the UL HARQ-ACK is mapped to a specific subframe within the DL component carrier in which the triggering PDCCH/EPDCCH is sent, and the inherent TDD limitations may prevent that specific subframe from being used. Therefore, for TDD-FDD CA, it should be carefully studied whether cross carrier scheduling is supported or not.
Proposal 5:

· It should be carefully studied whether cross carrier scheduling is supported or not for the TDD-FDD CA solution.
3. Conclusion

In this contribution, we make an observation and some proposals as follows:
Observation:

· The starting point for the discussion of the TDD-FDD CA solution should be the Rel-11 TDD-TDD/FDD-FDD CA.
· In that case changes from Rel-11 TDD-TDD/FDD-FDD CA can be minimized.
Proposal 1:

· Radio frame synchronization should be assumed for the TDD-FDD CA solution.

Proposal 2:

· Separate support of DL CA capability and UL CA capability should be assumed for the TDD-FDD CA solution.
Proposal 3:

· System information configuration of SCell through RRC signaling should be reused for the TDD-FDD CA solution.
Proposal 4:

· Random access procedures including multiple timing advances should be reused for the TDD-FDD CA solution.
Proposal 5:

· It should be carefully studied whether cross carrier scheduling is supported or not for the TDD-FDD CA solution.
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Agreements: 


The LTE TDD-FDD carrier aggregation solution according to the agreement in RP-130888 is identified for TDD-FDD joint operation solution in case ideal-backhaul is assumed.


If it is decided to specify dual connectivity as a result of the RAN2 small cell enhancement SI, and it is decided to support a solution that is not based on CA for TDD-FDD joint operation, then it would be desirable that the dual connectivity feature would be designed to support TDD-FDD dual connectivity in the applicable scenarios, in addition to TDD-TDD and FDD-FDD dual connectivity. 


Identify whether there are any relevant scenarios and requirements that are not satisfied by the above two bullets, and if so, identify appropriate solutions. 





 








