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1 Introduction
In current specification, ACK/NACK uses different modulations for PUCCH format 2a/2b as data. ACK/NACK DTX it is carried in PUCCH format 2, e.g CQI only transmission. The modulation position is in +1. As figure 1 shown, the ACK/NACK DTX overlap with NACK and NACK/NACK for PUCCH format 2a and 2b, respectively.

The formats may lead to misinterpretation for some cases. If the UE misses the DL assignment and need to transmit CQI feed back, then it would transmit format 2 on the CQI RBs. Then this is mapped to +1. If the UE decode DL assignment correctly, it would transmit 1 bit or 2 bit ACK on the CQI RBs. UE side do not have the ability to distinguish if it is DTX of format 2, NACK of format 2a or NACK/NACK of format 2b. For normal HARQ sequenced, if UE miss the first DL assignment with RV 0 Node B will decode the format 2 as format 2a with NACK or format 2b with NACK/NACK. Then, the UE will transmit the versions other than RV 0. Those versions have too few systematic bits and will further result in high probability of retransmissions.


Figure 1
In current specification, the UL data uses different constellation mapping than format 2a/2b. Figure 2 shows the constellation mapping for UL. For QPSK, 
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 represents NACK/NACK. For BPSK, 
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 represents NACK. This mapping applied for both UL and DL. It will be simplified if the UL control shares constellation mapping as for data.
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Figure 2
2 Rotation of ACK/NACK of PUCCH format 2a/2b 
By rotation of 
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 the second RS of each slot in format 2a/2b, we will have the ACK/NACK mapping as figure 3. Note this mapping will distinguish ACK, NACK and No ACK(format 2 DTX) transmission. And the mapping also tries to make the ACK->DTX have much less probability than NACK->DTX.


[image: image9]
Figure 3

One problem is the ACK/NACK is reversed as data. However, this can be switched with internal operation.
3 Phase shifting for RS of format 2
Another method is shifting phase of RS of format 2 to avoid confusion with format 2a/2b. Since we already have format2a/2b carrying ACK by modulation BPSK/QPSK, this method will not increase complexity.
4 Conclusion
To reduce the loss caused by misinterpretation between format 2 and format 2a/2b by the current specification, it is proposed to rotate the ACK/NACK of format 2a/2b or shift the RS of format 2. Either proposal can distinguish the formats. 
Even if we do not assume Node B can detect DTX of ACK, the first method is still preferred for it simplifies the ACK/NACK mapping by sharing similar structure with UL data modulation. Only difference is switching the ACK and NACK value to 1 and 0. 
We propose discussing the issue and adopting one of the schemes to improve the CQI and ACK channel performance and simplify modulation.
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