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1. Introduction
In RAN1#74bis, the following observations and agreements were made [1].
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In this contribution, we discuss PUSCH scheduling and UL HARQ for TDD-FDD carrier aggregation (CA) with respect to self and cross-carrier scheduling.
2. Discussion
2.1. Uplink HARQ and cross-carrier scheduling support
In the previous meeting, RAN1 discussed about the Rel-12 TDD-FDD CA solution. Rel-11 CA was considered as the starting point for the discussion by many companies, and indeed many agreements were reached on this basis. However, one aspect that wasn't discussed was the UL HARQ process. In our view, the UL HARQ process for TDD-FDD CA also comes as a natural extension of the Rel-11 CA UL HARQ process. So far, LTE has always used synchronous HARQ for the UL; not following this model now would bring a significantly large specification impact.
Proposal 1: Synchronous HARQ should be used in the UL for TDD-FDD CA.

In Rel-10 and Rel-11 CA, cross-carrier scheduling has been supported so that inter-cell interference is mitigated. It is natural to support it in Rel-12 TDD-FDD CA as well. On the other hand, EPDCCH has been introduced in Rel-11, providing inter-cell interference coordination for control information. Therefore, cross-carrier scheduling should also be supported for TDD-FDD CA, but standardization effort for supporting the cross-carrier scheduling should be minimized taking the Rel-12 timeline into account.
Proposal 2: Cross-carrier scheduling should be supported for TDD-FDD CA provided there is minimum specification impact.
2.2. UL timing for PCell

UL scheduling and HARQ timing for PCell has been independent of whether CA is configured or not so as to avoid the ambiguity during RRC reconfiguration. This concept can be reused for Rel-12 TDD-FDD CA as well. Therefore, the same UL HARQ timing for PCell as Rel-8 should be used for Rel-12 TDD-FDD CA. In other words, UL HARQ timing for PCell should follow the PCell frame structure.
Proposal 3: UL scheduling and HARQ timing for PCell should follow the PCell frame structure.

2.3. UL timing for SCell with self scheduling
In the case of self scheduling, the (E)PDCCH related to a SCell PUSCH is transmitted in that SCell control region. The corresponding UL HARQ message is also sent in the PHICH of that SCell control region. This means that PUSCH scheduling and HARQ in a SCell are performed in accordance with that SCell configuration. 
In other words, in the case of self scheduling, the PUSCH scheduling process and the UL HARQ process are encapsulated in their serving cell.
For TDD-FDD CA, the PCell can reuse this scheme as is, regardless of the PCell being TDD or FDD. From a standardization effort point of view the Rel-11 CA self scheduling scheme should be reused for TDD-FDD CA.

Proposal 4: In case of self scheduling, PUSCH scheduling timing and UL HARQ-ACK feedback timing for SCell follow SCell configuration.

2.4. UL timing for SCell with cross-carrier scheduling
As stated before, RAN1 should specify the self scheduling case first, and minimize the effort on cross-carrier scheduling. From this perspective, the minimum specification support for the cross-carrier scheduling is discussed below.
In the cross-carrier scheduling case, the timing of the PUSCH scheduling and the UL HARQ of a scheduled cell (SCell) is different if the scheduling cell (PCell or another SCell) is FDD or if it is TDD. In the following we discuss about the FDD scheduling cell case and the TDD scheduling cell case.

2.4.1. FDD scheduling cell and TDD scheduled cell
Under Rel-11 TDD-TDD CA cross-carrier scheduling, the (E)PDCCH related to a PUSCH transmitted in a SCell (scheduled cell) is located in the control region of another serving cell (scheduling cell). In this case the timing follows an UL reference UL/DL configuration obtained as a combination of the UL/DL configuration of the scheduling cell and the scheduled cell. For most cases, the UL reference UL/DL configuration is the UL/DL configuration of the scheduled cell while, in some cases, a more appropriate UL/DL configuration is chosen taking into account the UL subframes utilization of both the scheduling cell and the scheduled cell configurations.
For the TDD-FDD CA, when the scheduling cell is FDD and the scheduled cell is TDD, although the UL grant and the UL HARQ-ACK feedback related to a scheduled cell PUSCH have strict special timing requirements, the scheduling FDD cell can always give the UL grant and the UL HARQ-ACK feedback resources (i.e. PHICH) in their required subframes. 
The current UL HARQ timing for TDD was designed to minimize the retransmission delay for a given TDD UL/DL configuration, thus 10 ms periodicity is applied if possible. Meanwhile, the existing UL HARQ timing for FDD is built on an 8 ms periodicity. Therefore, it would be better for the UL HARQ timing for TDD-FDD CA to follow a TDD configuration to avoid re-designing the UL HARQ timing. For a cross-carrier scheduled TDD cell, the simplest solution is to follow the scheduled TDD cell configuration for the UL grant and the UL HARQ-ACK feedback timing.
Proposal 5: For cross-carrier scheduling, if the scheduling cell is FDD and the scheduled cell is TDD, the UL grant and the UL HARQ-ACK feedback timing for the scheduled TDD cell should follow the scheduled cell configuration.
2.4.2. TDD scheduling cell and FDD scheduled cell
For the TDD-FDD CA, if the scheduling cell is TDD and the scheduled cell is FDD, even though a UL is available in any subframe of the scheduled FDD cell, the related UL grant and UL HARQ are constrained by the UL/DL configuration of the TDD scheduling cell. Hence, the timing of the UL scheduling grants and the UL HARQ is restricted by the scheduling cell TDD configuration. A simple way is to follow the scheduling cell TDD configuration for the UL grant and the UL HARQ-ACK feedback timing of the scheduled FDD cell. Even though there is some waste of resources, as PUSCH cannot be transmitted in the scheduled cell subframes that are DL subframes on the scheduling cell, this solution brings minimum specification impact. 
Proposal 6: In case of cross-carrier scheduling with TDD scheduling cell and FDD scheduled cell, the timing of the UL grant and the UL HARQ-ACK feedback for the scheduled cell should follow the scheduling cell TDD configuration.
3. Conclusion

In this contribution, we make some proposals as follows:
Proposal 1: Synchronous HARQ should be used in the UL for TDD-FDD CA.

Proposal 2: Cross-carrier scheduling should be supported for TDD-FDD CA provided there is minimum specification impact.
Proposal 3: UL scheduling and HARQ timing for PCell should follow the PCell frame structure.

Proposal 4: In case of self scheduling, PUSCH scheduling timing and UL HARQ-ACK feedback timing for SCell follow SCell configuration.

Proposal 5: For cross-carrier scheduling, if the scheduling cell is FDD and the scheduled cell is TDD, the UL grant and the UL HARQ-ACK feedback timing for the scheduled TDD cell should follow the scheduled cell configuration.
Proposal 6: In case of cross-carrier scheduling with TDD scheduling cell and FDD scheduled cell, the timing of the UL grant and the UL HARQ-ACK feedback for the scheduled cell should follow the scheduling cell TDD configuration.
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Observations:


Following issues need to be clarified in TDD-FDD CA


How many CCs are supported?


How to support or whether or not to support Tx/RX separation?


Whether or not to support half-duplex?


Which minimum UE capability should be assumed?


Whether or not cross-carrier scheduling is supported?


Whether or not to support PUCCH on Pcell or Scell?


How to support HARQ/scheduling?


DL self-carrier scheduling


UL self-carrier scheduling


DL cross-carrier scheduling (if supported)


UL cross-carrier scheduling (if supported)





Agreement:


Ideal backhaul is assumed for TDD-FDD CA





Agreement:


TDD and FDD cells are synchronized


 








