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1 Introduction 

For TDD-FDD carrier aggregation, good progress was made on the HARQ-ACK timing issue in RAN1#75. The main open issues include:

· The PDSCH HARQ-ACK timing for self-scheduling when PCell is TDD and SCell is FDD

· Whether to support cross-carrier scheduling, and if yes, how

Two email discussions ([75-08] and [75-09]) were initiated after RAN1#75 on these two aspects. In this contribution, we provide our views o these topics.

2 Self-Scheduling
For self-scheduling when PCell is TDD and SCell is FDD, it was agreed to narrow down the solution to the following two options:

· Option 1) FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell

· If UL/DL configuration 5 is used, the number of HARQ processes is less than 17
· Option 2-c) The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations

· 2-c) The DL reference TDD U/D configuration is configured by higher layers
Comparing these two options:

· Efficiency

· Option 1 allows all subframes in FDD SCell to be scheduled, while option 2-c, when choosing configuration 5 as the reference, allows 9 out of 10 subframes in FDD SCell to be scheduled. The difference is 10% of DL resources.
· Specification impact

· New timing would need to be defined for option 1, and there are a few different proposals for the new timing. In addition, with the new timing, a few configurations (other than configuration 5) would have more than 4 HARQ-ACK bits to carry in a UL subframe. This can no longer be directly carried with format 1b with channel selection using existing mechanism.
· Option 2c can basically reuse the existing specifications.

It may be considered worthwhile to introduce non-trivial specification change in order to improve the DL resource usage by 10%. However, in TDD-FDD CA, TDD cell does not have to be configured as PCell. The network also has the choice to configure FDD cell as PCell, which would allow the full utilization of FDD and TDD DL subframes. Therefore we do not consider it as essential to define the new timing for this case.

Proposal 1: The HARQ-ACK timing for self-scheduling when PCell is TDD and SCell is FDD follows a configurable reference configuration (option 2-c).
3 Cross-Carrier Scheduling
There has been discussion whether cross-carrier scheduling should be supported for TDD-FDD CA. One of the main considerations is whether there is still the need for cross-carrier scheduling. EPDCCH was introduced, partly aiming at interference coordination. However, it does not completely solve the issue because common search space is yet to be defined for EPDCCH. Therefore it is premature to eliminate the support of cross-carrier scheduling. On the other hand, we should also avoid significant specification impact when supporting cross-carrier scheduling. 

Proposal 2: Cross-carrier scheduling is supported, but with minimum specification change.
3.1 DL cross-carrier scheduling

The two options for DL cross-carrier scheduling are:

Alt. DL-A: 

· For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing

Alt. DL-B: 

· For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing

· except for a cross-carrier scheduled FDD serving cell when the PCell is TDD

· reuse the HARQ timing for self-carrier scheduling on FDD SCell when the TDD is PCell (option 1 or option 2-c in [1])

The advantage of Alt DL-B over DL-A is that DL-B allows more subframes to be scheduled in some cases. However, DL-B has some implication on PUCCH resource allocation. When FDD is SCell and TDD is PCell, the HARQ timing for self-carrier scheduling could have a different bundling window size than that for self-scheduling on TDD PCell. If cross-carrier scheduling also follows that timing (and the bundling window size by default), there could be PUCCH resource conflict between the self-scheduled UEs on PCell and cross-scheduled UEs on SCell. This would need to be resolved.
With the principle of minimizing specification impact, we propose to support Alt. DL-A.

Proposal 3: For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing (DL-A).

3.2 UL cross-carrier scheduling

There are two cases that are still open for UL cross-carrier scheduling.

The scheduling serving cell is FDD and the scheduled serving cell is TDD
· Alt. UL-A1: the TDD scheduled serving cell’s UL/DL configuration

· Alt. UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

The main advantage of Alt UL-B1 over UL-A1 is that it reduces RTT for configuration 0 and 6. This can be considered as an additional optimization over the existing TDD system because the same issue exists in pure TDD system, which in some sense is beyond the scope of this WI. Alt UL-B1 introduces a new timing for the system, which is what we would like to avoid for cross-carrier scheduling. On the other hand, UL-A1 is the existing behavior, which is reasonable and natural to be reused.
Proposal 4: For UL cross-carrier scheduling, when the scheduling serving cell is FDD and the scheduled serving cell is TDD, the scheduling/HARQ timing follows the TDD scheduled serving cell’s configuration (UL-A1).

The scheduling serving cell is TDD and the scheduled serving cell is FDD

· Alt. UL-A2: a UL-reference UL/DL configuration with no new timing

· Candidate UL reference UL/DL configuration (for down selection):

· TDD scheduling serving cell’s UL/DL configuration

· Fixed reference UL/DL configuration 0

· Configurable reference UL/DL configuration amongst a set of candidates

· Alt. UL-B2: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

· Alt. UL-C2: Timing follows reference config. which can be one of 7 UL-DL config. or FDD timing.
Alt UL-A2 can schedule up to 6 UL SFs when configuration 0 is chosen as the reference. For Alt UL-B2, the number of UL SFs that can be scheduled is the same as the number of DL SFs in the TDD scheduling cell, which could be more than 6 depending on its configuration. Alt UL-C2 could potentially allow even more UL SFs to be scheduled compared to Alt UL-A2 and UL-B2. However, the FDD timing would not work well with 8 ms RTT. All these options (except when TDD scheduling serving cell’s configuration is used) may require PHICH-less operation for some subframes. With the preference of not introducing new timing, UL-A2 with configurable reference configuration provides the flexibility in terms of the balance between the number of UL SFs that can be scheduled and PHICH-less operation.
Proposal 5: For UL cross-carrier scheduling, when the scheduling serving cell is TDD and the scheduled serving cell is FDD, the scheduling/HARQ timing follows a configurable reference configuration (UL-A2).

4 Conclusions 
In this contribution, regarding the HARQ timing for TDD-FDD CA, we have proposed the following:
Proposal 1: The HARQ-ACK timing for self-scheduling when PCell is TDD and SCell is FDD follows a configurable reference configuration (option 2-c).
Proposal 2: Cross-carrier scheduling is supported, but with minimum specification change.

Proposal 3: For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing (DL-A).

Proposal 4: For UL cross-carrier scheduling, when the scheduling serving cell is FDD and the scheduled serving cell is TDD, the scheduling/HARQ timing follows the TDD scheduled serving cell’s configuration (UL-A1).

Proposal 5: For UL cross-carrier scheduling, when the scheduling serving cell is TDD and the scheduled serving cell is FDD, the scheduling/HARQ timing follows a configurable reference configuration (UL-A2).






































































































































































