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1. Introduction

Preliminary agreements were made at the RAN1 #74bis meeting regarding TDD-FDD CA framework. For CA operation, HARQ scheduling, feedback timing and uplink control signaling constitute the main design issues that need to be addressed. In this contribution we investigate the HARQ design choices for TDD-FDD CA when the PCell is either operating in TDD or in FDD mode for the self-scheduled case. Preliminary considerations on whether to support cross-scheduling are provided in a companion contribution [1].  

2. Discussion
2.1. Joint TDD-FDD CA with FDD as PCell

A benefit of the PCell operating in FDD mode is that all subframes of a radio frame are valid UL subframes for UCI transmission. Therefore the DL HARQ-ACK feedback timing for PDSCH scheduled on a TDD SCell can follow the TDD UL/DL configuration signaled in SIB1. While this approach is simple it increases HARQ-ACK feedback requirements on the PCell. For example, an extreme case can be seen when a single SCell is configured with UL/DL Configuration 5. This CA configuration requires up to 20 HARQ-ACK bits in subframe 2 of the PCell when the transmission modes on the two serving cells are configured for spatial multiplexing. 

An alternative solution is for the TDD SCell to follow the FDD feedback timing i.e. HARQ-ACK is sent 4ms after a PDSCH reception or a PDCCH indicating SPS release. This solution improves coverage for DL CA operation because at most 4 HARQ-ACK bits are transmitted on PUCCH or PUSCH for a single SCell. However, it changes the existing HARQ timing and may complicate eNB implementation when the eNB supports a mix of legacy and Rel-12 UEs in the same TDD cell as the legacy UEs follow the legacy TDD HARQ timing. Other specification impacts include:

· If the TDD SCell follows the FDD feedback timing, it may also be configured for the same number of HARQ processes as for FDD. 

· It also needs to be studied whether the UE scheduled on the TDD SCell can reuse the TDD DCI format or it should use the FDD DCI format including a 3-bit HARQ process ID.
Observations: 
· For FDD PCell and TDD SCell, no enhancements are strictly necessary for scheduling and HARQ timing.
· To optimize HARQ-ACK feedback performance, the TDD SCell PDSCH HARQ feedback timing can follow the FDD timing

· More study is needed on the specification impact of this solution. 
UL Scheduling and feedback

For UL scheduling and feedback timing, the UE can follow the SCell timing, at least for the self-scheduled case. 

2.2. Joint TDD-FDD CA with TDD as PCell

When the PCell operates in TDD mode and one or more cells operate in FDD, there are limited HARQ-ACK feedback opportunities for the FDD SCell if PUCCH is only transmitted on the PCell. There are three possibilities for HARQ-ACK feedback corresponding to DL assignment on an FDD SCell:

Option 1: FDD SCell follows a DL-reference configuration
The FDD SCell can be configured to follow the timing of a DL-reference UL/DL configuration similarly to Rel-11 TDD CA with different UL/DL configurations. For instance, it can follow the HARQ timing of the PCell or some other UL/DL configuration. However, this incurs some loss in spectral efficiency as at least one DL subframe, subframe 2, on the SCell cannot be scheduled since it is always UL in TDD. There is also some impact to HARQ-ACK feedback performance for the FDD cell since it is now associated with a bundling window. 
Option 2: New feedback timing for the FDD SCell
An alternative option is to relax the HARQ timing constraint for the FDD SCell such that HARQ-ACK feedback for a DL assignment in subframe n is sent at the first valid opportunity on the PCell satisfying n + k (k ≥ 4). This option ensures that all DL subframes can be scheduled at the expense of specifying new timing which would anyway have to be introduced for FDD if an UL/DL configuration is configured as the DL-reference. An illustration is shown in Figure 1, where the PCell is configured for TDD UL/DL Configuration 2. It can be seen that for a DL assignment in n = 2 on the FDD SCell, the HARQ-ACK feedback that should have been sent in n = 6 is delayed to n = 7 since n = 6 is a Special subframe on the TDD PCell. Similarly to Option 1, there is some impact to HARQ-ACK feedback performance due to limited UL subframes for PUCCH transmission. Other aspects for further investigation include determining the number of HARQ processes for new feedback timing. 
Option 3: SCell PUCCH transmission 
It is also possible to allow the UE to transmit on PUCCH of the SCell as shown in Figure 1. Firstly, this approach preserves the current FDD HARQ timing. Secondly, all DL subframes on the FDD SCell can be scheduled without further specification. Note that even if the UE is not configured for transmitting PUSCH on the SCell it anyway supports the UL band since FDD operation is based on paired spectrum. Thus, it is possible to configure the FDD SCell uplink to support HARQ-ACK transmission on PUCCH even though PUSCH transmission is not required. 
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Figure 1  An illustration of HARQ-ACK feedback for a FDD SCell transmitted on PUCCH of a TDD PCell or on PUCCH of the FDD SCell
If SCell PUCCH is not supported, we prefer introducing a new HARQ timing as described in Option 2 since it strives to minimize the additional feedback latency. However, we note that SCell PUCCH is a natural way to maintain the same HARQ latency as existing FDD serving cells. It also minimizes eNB complexity when UEs operating in a single duplex mode coexist with TDD-FDD CA UEs in the same serving cell.  

Proposal:

· For TDD PCell and FDD SCell, SCell PUCCH transmission should be considered for HARQ-feedback corresponding to PDSCH reception on the SCell.
UL Scheduling and feedback

For UL scheduling and feedback timing, the UE can follow the SCell timing, at least for the self-scheduled case. 

3. Conclusion

In this contribution we investigate HARQ scheduling and feedback timing for TDD-FDD CA. Different solutions are possible depending on whether the PCell is TDD or FDD. Our observations/proposals include:
· For FDD PCell and TDD SCell, no enhancements are strictly necessary for scheduling and HARQ timing.

· To optimize HARQ-ACK feedback performance, the TDD SCell PDSCH HARQ feedback timing can follow the FDD timing

· More study is needed on the specification impact of this solution. 
· For TDD PCell and FDD SCell, SCell PUCCH transmission should be considered for HARQ-feedback corresponding to PDSCH reception on the SCell

· For UL scheduling and feedback timing, the UE follows the SCell timing at least for the self-scheduled case.
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