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1 Introduction
When a UE is configured to receive from multiple cells in downlink, the UE will feed back up to 10-bit HARQ-ACK for FDD and up to 20-bit HARQ-ACK for TDD. When no PUSCH is scheduled together with this high-payload HARQ-ACK, PUCCH format 3 will be used for the HARQ-ACK transmission. On the other hand, when PUSCH is scheduled together with the high-payload HARQ-ACK and simultaneous transmission of PUSCH and PUCCH is not configured, the high-payload HARQ-ACK will be piggybacked on PUSCH. In Rel-8, number of REs for HARQ-ACK piggybacked on PUSCH is bounded above by 
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 and in most cases the upper bound is sufficient to give enough resources for small-payload (i.e., 1-4 bit) HARQ-ACK to be reliably decoded at the eNodeB. However, when a high-payload HARQ-ACK is piggybacked on PUSCH, 
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 could be far smaller than the number of REs needed for reliable decoding [1], especially for a small number of PRB allocation and a large 
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In this contribution, we further study the issue of conveying high-payload HARQ-ACK on PUSCH and consider a few possible alternatives to resolve the issue.
2 High-payload HARQ-ACK on PUSCH
In Rel-8, the number of HARQ-ACK REs on PUSCH is calculated according to the following:
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where 
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When high-payload HARQ-ACK is piggybacked on PUSCH, the ratio of 
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 becomes large. As the ratio gets larger, the HARQ-ACK decoding reliability decreases. An evaluation of the ratio is presented in Figure 1. The intensity of a pixel of (ITBS, NPRB) corresponds to the ratio of 
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 to 
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. The darker a pixel, the higher the ratio is. The region of the ratio>1 (i.e., the red region) grows bigger, (1) as 
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 increases, (2) as the payload increases, and (3) as the number of PRBs grows smaller. In the extreme case of  
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 and HARQ-ACK payload of 20, the ratio is >4 for all ITBS when NPRB=1 or 2. Even with a moderate 
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, the issue still exists for a high-payload HARQ-ACK when it is piggybacked on PUSCH with a small number of PRBs. 
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	(a) 
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Figure 1: The ratio of 
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 calculated with various values of 
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 and HARQ-ACK payload. The intensity of a pixel of (ITBS, NPRB) corresponds to the ratio. The darker a pixel, the higher the ratio is. 
To mitigate this issue (i.e., to decrease the ratio of 
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), a few proposals are discussed so far (e.g., [1] [2]). 
· Alternative 1: Increase the number of SC-FDMA symbols that can contain REs for HARQ-ACK on PUSCH. 
· This alternative could mitigate the problem by increasing 
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. For example, SC-FDMA symbols for RI could be used for HARQ-ACK transmission if RI is not transmitted in the same subframe; then 
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· Alternative 2: If the available resources are not enough to convey the nominal payload with the desired reliability, bundling is applied.
· This alternative could mitigate the problem by decreasing the payload O and 
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We propose to further consider alternatives 1 or 2 for resolving the issue of transmitting high-payload HARQ-ACK in the PUSCH.
3 Conclusion

In this contribution, we discussed the impact of conveying high-payload HARQ-ACK on PUSCH as the number of REs needed for achieving a desired reliability may substantially exceed the maximum number of REs available for HARQ-ACK multiplexing on PUSCH, i.e., 
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. To resolve this issue, we propose to further consider the following two alternatives:
· Alternative 1: Increase number of SC-FDMA symbols that can contain REs for HARQ-ACK on PUSCH. 
· Alternative 2: If the available resources are not enough to convey the nominal payload with the desired reliability, bundling is applied.
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