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1 Introduction

The operation of an FDD system with CA resembles the one of a Rel.8 TDD system in several ways with one of them being that the UE may need to convey HARQ-ACK in the PUSCH associated with a PDCCH transmitted in a different cell (different DL sub-frame in Rel.8 TDD) than the PDCCH scheduling the respective PDSCH reception.

Moreover, the operation of a TDD system with CA needs to also rely on an UL DAI IE included in the PDCCH scheduling PUSCH, at least in order to also enable seamless operation between single-cell mode and multi-cell mode. Therefore, the UL DAI functionality with CA should provide the functionality of Rel.8 (in case of single-cell scheduling) while also accounting for PDSCH received in both multiple cells and multiple DL sub-frames.     

This contribution considers the operation of a UL DAI for FDD and TDD systems with CA. 
2 UL DAI Requirements for CA
In Rel-8 FDD, as the PDCCH scheduling PDSCH (DL SA) and the PDCCH scheduling a PUSCH (UL SG), where the HARQ-ACK in response to the PDSCH is multiplexed, are transmitted in the same sub-frame, it was not deemed necessary to have an UL DAI to indicate whether the UE should include HARQ-ACK information in the PUSCH because when a UE misses the DL SA it is also highly likely (in practice) to miss the UL SG in the same sub-frame of the same cell (hence, DTX is conditioned on the DL SA miss and the UL SG reception which has a low combined probability). 

The above operational condition is not applicable with CA as an UL SG may be transmitted in a cell without DL SA (hence, a correlation between a DL SA miss and an UL SG miss may not even exist). This is exactly analogous to Rel-8 TDD operation where a UL DAI IE is included in UL SGs to account for the event that an UL SG is received in the last sub-frame of the bundling window, a DL SA in the last sub-frame in the bundling window does not exist, and one or more DL SAs in previous sub-frames in the bundling window may be missed. In fact, as the channel correlation among cells is typically much smaller than among consecutive sub-frames of the same cell, the requirement to include a UL DAI IE in the UL SGs with CA is substantially stronger than the one in Rel.8 TDD.
Since for CA operation with FDD the HARQ-ACK payload in the PUSCH is semi-statically determined based on the number of configured cells and the configured transmission mode (TM) per cell, the UL DAI does not need to indicate the HARQ-ACK payload. Therefore, a 1-bit UL DAI indicating whether the UE should include or not HARQ-ACK in its PUSCH is sufficient.

Proposal 1: For CA in FDD, a 1-bit DAI IE is included in the PDCCH scheduling PUSCH to indicate whether the UE should multiplex HARQ-ACK in the PUSCH. 

For a TDD system with CA, the Rel.8 UL DAI functionality is no longer applicable as the UE may receive PDSCH in multiple cells (in multiple sub-frames) but transmit PUSCH in a single cell. Therefore, the Rel.8 UL DAI functionality where the HARQ-ACK payload to be multiplexed in the PUSCH is indicated to the UE cannot be maintained. One possibility is to include in each UL SG an UL DAI corresponding to each of the configured cells. This is however highly undesirable as in addition to substantially increasing the respective overhead in UL SGs, it also leads to a variable UL SG size. Therefore, the Rel.8 UL DAI consisting of 2 bits is assumed to be maintained for CA in TDD.
Another alternative is for the UL DAI to indicate the maximum number of PDCCH transmitted to the UE in any of the configured cells. In this manner, the Rel.8 functionality can be maintained for single-cell scheduling while the HARQ-ACK payload 
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where 
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 is the value of the UL DAI (interpreted modulo 4), 
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 is the number of configured cells with configured TM enabling the reception of 2 TBs for the reference UE, and 
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Another alternative that still maintains the UL DAI functionality for single-cell scheduling is to interpret the UL DAI as indicating the last value of the DL DAI which is designed to operate across cells and sub-frames. Then, the HARQ-ACK payload can be obtained as described in [1] and 
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where 
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 is the number of PDCCH the UE determines through the DL DAI, and 
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Table 1 shows some examples for 
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 as determined by Equation (1) and Equation (2) for a bundling window size of 4 sub-frames. 

Table 1: 
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 obtained with Equation (1) or Equation (2) for Different Scenarios.

	{Cell1 Cell2 Cell3} -- DL Sub-Frame = [0, 1, 2, 3]
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	{[1, 1, 0, 0] 2 TBs -- [0, 1, 1, 0] 2 TBs -- [0, 0, 1, 1] 2 TBs}
	2
	2
	12
	12

	{[1, 1, 0, 1] 2 TBs -- [0, 1, 1, 1] 1 TB -- [1, 1, 0, 0] 2 TBs}
	3
	0
	15
	16

	{[1, 1, 0, 1] 2 TBs -- [0, 0, 0, 0] 1 TB -- [1, 1, 0, 0] 1 TB}
	3
	1
	12
	10

	{[1, 0, 0, 1] 1 TB -- [1, 1, 0, 1] 1 TB -- [1, 1, 0, 0] 1 TB}
	3
	3
	9
	7

	{[1, 0, 1, 1] 1 TB -- [1, 1, 1, 0] 2 TBs -- [1, 0, 1, 0] 1 TB}
	3
	0
	12
	16


Although there are tradeoffs between the alternatives in Equation (1) and Equation (2), the one in Equation (1) is preferred due to its simplicity and due to its smaller likelihood for generating HARQ-ACK payloads exceeding 20 bits (which will then introduce spatial bundling on both actual HARQ-ACK bits and “filler” bits). It should be noted that if spatial-domain bundling was always enforced, as in Rel.8, the alternative in Equation (2) would have been preferable.
Proposal 2: For CA in TDD, a 2-bit DAI IE is included in the PDCCH scheduling PUSCH to indicate the maximum number of PDCCH scheduling PDSCH in each configured cell. 

Proposal 3: For HARQ-ACK transmission in a PUSCH associated with a PDCCH, the HARQ-ACK payload is determined as in Equation (1). 
3 Conclusions

This contribution considered the requirements and functionality of the UL DAI for FDD and TDD with CA and proposes the following: 
Proposal 1: For CA in FDD, a 1-bit DAI IE is included in the PDCCH scheduling PUSCH to indicate whether the UE should multiplex HARQ-ACK in the PUSCH. 

Proposal 2: For CA in TDD, a 2-bit DAI IE is included in the PDCCH scheduling PUSCH to indicate the maximum number of PDCCH scheduling PDSCH in each configured cell. 

Proposal 3: For HARQ-ACK transmission in a PUSCH associated with a PDCCH, the HARQ-ACK payload is determined as in Equation (1). 
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