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1 Introduction

For an FDD system with CA, the UE determines the HARQ-ACK payload in the PUSCH or in the PUCCH according to the number of configured cells and configured transmission mode (TM) per cell; this results to the maximum HARQ-ACK payload. For the PUCCH, as HARQ-ACK bits not conveying actual information can be set to a known value (NACK) and the multiplexing capacity is not affected by the HARQ-ACK payload, having the UE convey the maximum HARQ-ACK payload is not problematic (for the PUCCH, the transmission power is the critical aspect). For the PUSCH, the UE multiplexing the maximum HARQ-ACK payload is problematic as it directly increases the HARQ-ACK overhead due to the transmission of HARQ-ACK bits that do not convey any information.
For a TDD system with CA, the maximum payload can again be obtained by the UE generating HARQ-ACK information according to the number of configured cells and configured TM per cell and additionally extending this over all DL sub-frames in the bundling window. However, unlike the FDD case, this can be problematic for both PUCCH and PUSCH. For the PUCCH and possibly for a PUSCH not associated with a PDCCH (if the same coding methods as for the PUCCH are used), it substantially increases the probability the UE will resort to HARQ-ACK bundling (to reduce the HARQ-ACK payload to 20 bits) where both useful HARQ-ACK information and “filler” HARQ-ACK bits may be bundled. For this reason, the UE should use the DL DAI IE in the PDCCH scheduling PDSCH in TDD in order to avoid having to always generate and transmit the maximum HARQ-ACK payload [1].  

In Rel.8 TDD, for a PUSCH associated with a PDCCH, the DAI IE in the respective PDCCH (UL DAI) is used to indicate to the UE the HARQ-ACK payload the NodeB expects the UE to transmit. However, the Rel.8 functionality of the UL DAI cannot be extended to CA as it needs to account for PDSCH received in both multiple cells and multiple sub-frames while the UE may have only a single PUSCH transmission. Therefore, the Rel.8 definition of the UL DAI should be modified for CA. This is further discussed in [2]. 
This contribution considers the use of the DL DAI and the use of the UL DAI to determine the HARQ-ACK payload in a PUSCH associated with a PDCCH. 
2 HARQ-ACK Payload in PUSCH
If the PUSCH transmission is not associated with a PDCCH, the HARQ-ACK payload can be determined as for the case the transmission occurs in the PUCCH. As analyzed in [1], this determination can be based on the number of configured cells the configured TM per cell and the bundling window size or on the DL DAI, that is designed jointly across cells and sub-frames, in order to reduce the amount of spatial-domain bundling and the HARQ-ACK overhead in the PUSCH not associated with a PDCCH. Then, the HARQ-ACK payload, 
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where 
[image: image3.wmf]DL

DAI

N

 is the number of PDCCH the UE receives as determined by the DL DAI, 
[image: image4.wmf]add

Q

 is an additional margin protecting against missing PDCCH after the last received PDCCH, and 
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 is the maximum number of TBs the UE is configured in any cell. 
In order to exactly extend the Rel.8 UL DAI functionality to DL CA, the number of bits in the UL DAI IE needs to be multiplied by the number of configured cells and thus substantially increase its size (which will also vary with the number of configured cells) [2]. Such an approach is obviously problematic. 

Alternatively, the UL DAI can assist the UE identify missing PDCCH that cannot be identified by the DL DAI (reason for 
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 component in Equation (1)). In a first alternative, the UL DAI can be set to the same value as the DL DAI in the last PDCCH (similar to the Rel.8 operation). The UE can then know whether it missed PDCCH scheduling PDSCH after the last received one and can replace 
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 with the actual information provided by the UL DAI (without misunderstanding at the NodeB). This also allows for the same UL DAI functionality as for single-cell operation. Then,
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In a second alternative, the UL DAI can indicate the maximum number of PDCCH transmitted to the UE in any of the configured cells. In this manner, the Rel.8 functionality is also maintained for single-cell scheduling while the HARQ-ACK payload 
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 in the PUSCH can be determined as (SPS PDSCH in the Pcell can be accounted as in Rel.8)
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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, 
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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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A comparison between the UL DAI functionalities in Equation (2) and Equation (3) is discussed in [2] and the UL DAI design of Equation (3) is deemed preferable due to its simplicity and better avoidance of generating HARQ-ACK payloads above 20 bits (leading to spatial-domain bundling of both actual HARQ-ACK bit and “filler” bits).
Table 1 shows some examples for a comparison between 
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 for a bundling window size of 4 sub-frames. In general, the existence of the UL DAI IE in the PDCCH for a UE configured with CA can provide savings in the HARQ-ACK payload the UE transmits in the PUSCH and ensure the same understanding of the HARQ-ACK payload between the UE and the NodeB. 
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
	12
	12

	{[1, 1, 0, 1] 2 TBs -- [0, 1, 1, 1] 1 TB -- [1, 1, 0, 0] 2 TBs}
	3
	18
	18

	{[1, 1, 0, 1] 2 TBs -- [0, 0, 0, 0] 1 TB -- [1, 1, 0, 0] 1 TB}
	3
	14
	10

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

	{[1, 0, 1, 1] 1 TB -- [1, 1, 1, 0] 2 TBs -- [1, 0, 1, 0] 1 TB}
	3
	20
	12


Proposal 1: 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 2: For HARQ-ACK transmission in a PUSCH associated with a PDCCH, the HARQ-ACK payload is determined as in Equation (3). 
As in Rel.8, another functionality offered by the UL DAI is to indicate to the UE whether the NodeB expects it to include HARQ-ACK information in its PUSCH transmission. This indication intends to avoid the case where the NodeB expects the UE to convey HARQ-ACK in the PUSCH but the UE has missed the corresponding PDCCH. 

For HARQ-ACK transmission in the PUSCH, dynamic fall-back to Rel.8 transmission in case the UE receives PDCCH scheduling PDSCH only in the Pcell is not possible as there is no such equivalent to PUCCH DTX detection (i.e. after the NodeB detects DTX for PUCCH Format 3 and detects transmission with PUCCH Format 1a/1b, it can assume that the UE missed the PDCCH scheduling PDSCH in the Scell(s)). Therefore, with CA, the HARQ-ACK payload in the PUSCH needs to reflect the number of configured cells and the configured TM per cell. 
Using only the DL DAI, a misunderstanding between the NodeB and the UE regarding the HARQ-ACK feedback will occur only if the UE misses more than 
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 PDCCH scheduling PDSCH after the last received such PDCCH in any cell. As the probability of this event is sufficiently smaller than the HARQ-ACK error rate target, the role of the UL DAI can be reduced to just an indication to the UE whether it needs to include HARQ-ACK feedback in its PUSCH transmission. A single-bit UL DAI is sufficient for this purpose. However, although a single-bit can save 1-bit from PDCCH scheduling PUSCH, it also has the disadvantages of not being able to reduce the HARQ-ACK payload, when possible, and of requiring a different design between multi-cell operation and single-cell (Rel.8) operation. 
Finally, in case multiple UL SAs are received for PUSCH transmission in respectively multiple cells in the UL sub-frame associated with the DL sub-frame bundling window, the UE should not consider the UL DAI IE in any UL SA as valid if it does not have the same value in all UL SAs. 

3 Conclusions

This contribution considered the determination of the HARQ-ACK payload in PUSCH associated with a PDCCH based on the combination of the DL DAI and the UL DAI and proposes the following: 
Proposal 1: 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 2: For HARQ-ACK transmission in a PUSCH associated with a PDCCH, the HARQ-ACK payload is determined as in Equation (3). 
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