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1 Introduction

In RAN1#76, two options (Option 1 and Option 2-c) were discussed for DL HARQ timing for FDD Scell with self-scheduling in case of TDD Pcell but a conclusion was not made and then it still remains an open issue.
This contribution discusses two options for PDSCH HARQ timing on FDD Scell with self-scheduling in TDD-FDD CA.
2 DL HARQ timing for self-scheduling
The two alternatives for DL HARQ timing in FDD Scell with self-scheduling in case of TDD Pcell were as follows:
· Option 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· 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

In last RAN1 meeting, Option 1 and Option 2-c were proposed further with minimum spec. impacts in [1] and [2], respectively. In [1] and [2], Option 1 and Option 2-c are as follows, respectively: 

Option 1


[image: image1]
Option 2-c
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As with option 1 HARQ-ACK channel selection can be configured only with the TDD PCell UL/DL configurations which don’t require DL HARQ timing with M>4 on the FDD SCell, this significantly limits the applicability of channel selection. Moreover, the HARQ-ACK timing in the previous table when the PCell uses TDD UL-DL configuration 3 leads to significant HARQ-ACK payload imbalance. For these reasons, it is beneficial to consider the following HARQ-ACK timing for the FDD SCell in case of TDD UL-DL configuration 3 on the TDD PCell.
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We discuss Option 1 and Option 2-c in terms of specification impact and performance and then provide our views.

Specification impact
First of all, only one table is enough to serve DL HARQ timing for a FDD Scell in case of the TDD Pcell regardless of which option is adopted. Consequently, in terms of specifying HARQ timing in standard, there would be no difference between two options. On the other hand, PUCCH formats which can be supported are different between two options. In case that the number of configured cells is 2, Option 1 can support PUCCH format 1b with channel selection for TDD Pcell UL-DL configuration #0, #1 and #6. For remaining TDD Pcell UL-DL configurations (e.g., #2, #3, #4 and #5), PUCCH format 3 is supported. In this regards, Option 1 does not need any additional standardization efforts for PUCCH transmission except some limitation on the number of configured cells for cases of M>4. Even in case that the number of configured cells is 2, Option 2-c always relies on PUCCH format 3 for all TDD Pcell UL-DL configurations because TDD UL-DL configuration #5 is introduced as DL-reference HARQ timing for a FDD Scell. Then, both Option 1 and Option 2-c can support DL HARQ timing for a FDD Scell without additional treatments for PUCCH transmission. 
Performance
Option 1 basically depends on TDD Pcell timing with additional new timing for subframes which cannot be supported by TDD Pcell timing. But, Option 2-c is based on DL HARQ timing according to a reference TDD UL-DL configuration. Accordingly, Option 1 can support DL HARQ timing for PDSCHs scheduled in all DL subframes of a FDD Scell. On the other hand, option 2-c has some restrictions on PDSCH scheduling because there always exists subframes (e.g., UL subframes in a reference configuration) which cannot be supported by HARQ timing of a reference configuration. In addition, Option 2-c has some restrictions on UEs because Option 2-c can support UEs which is capable of PUCCH format 3 only. In case that the number of configured cells is 2 for a UE (e.g. the TDD Pcell and a FDD Scell), PUCCH format 1b with channel selection can be supported by Option 1 at least for TDD Pcell UL-DL configuration #0, #1 and #6. However, the support of PUCCH format 1b with channel selection is impossible by Option 2-c. It is noted that PUCCH format 1b with channel selection serves as a basic tool to support HARQ-ACK feedbacks to DL data in carrier aggregation since Rel-10. Accordingly, only Option 1 can guarantee that Rel-12 UEs supporting PUCCH format 1b with channel selection live with the TDD Pcell and a FDD Scell in TDD-FDD CA.
On the other hand, in TDD-FDD CA session of last RAN1 meeting, there were debates on operators’ views about UE throughput optimizations for a FDD Scell in case of the TDD Pcell. Taking into account different views on UE throughput optimizations, we believe that Option 1 is only candidate which can satisfy all demands by operators with various views.
Therefore, considering expected specification and performance impacts, option 1 is preferred and should be adopted for DL HARQ timing of a FDD Scell in case of the TDD Pcell.
Proposal: For PDSCH HARQ timing on a FDD Scell with self-scheduling in case of the TDD Pcell, Option 1 is adopted. For option 1, decide whether balanced HARQ-ACK payload and support of channel selection are preferable when TDD UL-DL configuration 3 is used on the PCell.
3 Conclusions 
This contribution discussed DL HARQ timing for FDD Scell in case of TDD Pcell in TDD-FDD CA and proposes the following:
Proposal: For PDSCH HARQ timing on a FDD Scell with self-scheduling in case of the TDD Pcell, Option 1 is adopted. For option 1, decide whether balanced HARQ-ACK payload and support of channel selection are preferable when TDD UL-DL configuration 3 is used on the PCell.
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HARQ-ACK timing  for DL self-scheduling of FDD SCell in case of TDD PCell is defined as in following table
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ACK/NACK channel selection can be configured only with the TDD PCell UL/DL configurations which don’t require DL HARQ timing with M>4 on the FDD SCell.


When configured with PF3, maximum number of aggregated cells is limited for the M>4 cases so that number of ACK/NACK bits on PF3 does not exceed 21.





For the case of TDD as Pcell and FDD as Scell and self-carrier scheduling, the PDSCH HARQ timing on the FDD Scell follows a DL reference TDD UL-DL configuration


The DL reference TDD UL-DL configuration for the FDD Scell is determined by the following table
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