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1 Introduction

In Rel.8 TDD, an UL DAI field is included in DCI formats scheduling PUSCH in order for the NodeB to indicate to a UE that it expects it to include HARQ-ACK information in the respective PUSCH [1]. This is because the PDCCH conveying the DCI format scheduling the PUSCH may be transmitted in a different subframe than the PDCCH(s) conveying the DCI format(s) scheduling the PDSCH(s) for which the UE is expected to generate and include the HARQ-ACK in its PUSCH transmission.

DL CA in FDD systems has a lot of parallelisms with a single-cell TDD system as different cells for DL CA in FDD can be viewed as different subframes for single-cell TDD. However, for DL CA in FDD, Rel.10 provides no protection against errors resulting from a UE receiving the PDCCH conveying the DCI format scheduling the PUSCH in one cell and missing PDCCH(s) conveying DCI format(s) scheduling PDSCH(s) in other cell(s). This is despite the fact that the channel or interference correlation is much stronger (practically always exists) in the time domain than in the cell domain. Therefore the probability of missing the PDCCH(s) scheduling PDSCH(s) and receiving the PDCCH scheduling the PUSCH is in practice much smaller in single-cell TDD than in DL CA FDD.  
This contribution is a resubmission of R1-121609 and considers the inclusion of a DAI field in the DCI formats scheduling PUSCH for a UE configured with DL CA. 
2 UL DAI for FDD with DL CA
In Rel-8 FDD, the same subframe carries the transmission of the PDCCH scheduling PDSCH and of the PDCCH scheduling the PUSCH where the HARQ-ACK in response to the PDSCH reception is to be multiplexed. For this reason, it was not deemed necessary to include an UL DAI in DCI format 0 to indicate whether the UE should include HARQ-ACK in the PUSCH because, when it misses the PDCCH scheduling the PDSCH, it is highly likely (in practice, for example because the UE experiences fading) to also miss the PDCCH scheduling the PUSCH in the same subframe of the same cell (hence, DTX is conditioned on the miss of the PDCCH scheduling the PDSCH and the detection of the PDCCH scheduling the PUSCH which has a low combined probability). 

The above operational condition is not applicable with DL CA in FDD as a PDCCH scheduling PUSCH may be transmitted in a cell without a PDCCH scheduling PDSCH (hence, any correlation between a miss of a PDCCH scheduling a PDSCH and a miss of a PDCCH scheduling a PUSCH may not even exist). This is exactly analogous to Rel-8 TDD operation and for DL CA in FDD the probability of occurrence is much higher due to the generally smaller correlation of the channel/interference conditions among different cells than among consecutive subframes (this is the reason for supporting time-domain bundling instead of cell-domain bundling for DL CA in TDD).  

In Rel.8 TDD (and Rel.10 TDD) a DAI field is included in DCI formats scheduling PUSCH to account, for example, for the event a respective PDCCH is detected in the last subframe of the bundling window, a PDCCH scheduling PDSCH in the last subframe in the bundling window does not exist, and one or more PDCCH(s) scheduling PDSCH(s) in previous subframes in the bundling window are missed. 
Therefore, the requirement for a DAI field in DCI formats scheduling PUSCH for a UE configured with DL CA in FDD is stronger than that for a UE configured with single-cell in TDD where such a DAI field is already supported (it is also supported for DL CA in TDD). 

Two alternatives exist for the number of bits of the UL DAI field in case of DL CA in FDD. 

The first alternative is to have a 1-bit UL DAI field. This minimizes the additional PDCCH overhead. The HARQ-ACK payload determination in the PUSCH remains as in Rel.10 FDD (semi-static, based on the number of configured cells and the configured TM per cell [2]) as the UL DAI only indicates whether the UE should include or not HARQ-ACK in its PUSCH transmission. The specification impact is trivial (the 1-bit DAI field in DCI formats scheduling PUSCH) and there is only RAN1 involvement.  
The second alternative is to have a 2-bit UL DAI field as in TDD. This introduces a 1-bit additional overhead but in return can reduce the HARQ-ACK overhead in the PUSCH which can be determined as for DL CA in Rel.10 TDD [2]. The additional specification impact is to have the HARQ-ACK payload determination in the PUSCH for FDD be the same as for TDD. The implementation impact is that the UE and the NodeB should use the Rel.10 TDD procedure to determine the HARQ-ACK payload in a PUSCH. There is only RAN1 involvement.  
3 Conclusions

This contribution analyzed the requirement to include a DAI field in DCI formats scheduling PUSCH for a UE configured with DL CA in FDD.

Proposal: For a UE configured with DL CA in FDD, a 1-bit or a 2-bit DAI field is included in each DCI format scheduling PUSCH.
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