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1 Introduction
In the last RAN meeting, it has been decided that the ACK and SR transmissions obey the following rules:

· When ACK is transmitted alone, it is transmitted on the resources mapped to the PDCCH CCE for scheduled transmission and mapped to PDSCH RB ID for persistent scheduling.

· When SR is transmitted alone, it is transmitted on the resources specified in L3 signaling for SR.

· When SR and ACK are both transmitted, then ACK is transmitted in the resources allocated for SR transmission. 

This scheme, however, does not provide reliable DTX detection for UL ACK. If the UE misses the DL assignment, then it would transmit SR on the SR resources. This is mapped to PUCCH format 1 with d(0)=1. On the other hand, if the UE does not miss the DL assignment, it would transmit 1 bit or 2 bit ACK on the SR resources. This is mapped to a BPSK or QPSK symbols depending on the SIMO or MIMO DL transmissions. So the only differentiation between a SR transmission and a SR+ACK transmission would be to identify whether 1 was transmitted or one of the four QPSK constellations was transmitted. This is error prone because the small distance between +1 and two QPSK points of {1/sqrt(2), 1/sqrt(2)} or {1/sqrt(2), -1/sqrt(2)}. 
In this contribution, we propose a few ways to improve the DTX detection when both SR and ACK are transmitted in the same subframe. 

2 Alternative Transmission Schemes
2.1
SIMO operation
For SIMO operations, the current assumptions for ACK alone and SR with DTX ACK are show as in Figure 1. 
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Figure 1. ACK/NACK and SR (ACK DTX) for SIMO: current scheme
Obviously, when there is ACK DTX, it is quite possible that the SR will be confused with ACK transmissions. 
Two alternative schemes can significantly improve the performance of ACK/NACK with SR transmissions for the DTX case. These two are shown in Figure 2. 

· In case 2a, SR is mapped to one of the QPSK constellation point. The DTX detection probability is significantly improved compared to the signaling scheme in Figure 1.  

· In case 2b, SR uses the BPSK constellation used for NACK. So when ACK DTX happens, it is treated as NACK.  
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Figure 2. ACK/NACK and SR (ACK DTX) for SIMO: alternative schemes
2.2
MIMO operation

For MIMO, the current constellation mapping is as follows:
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Figure 3. ACK/NACK and SR (ACK DTX) for MIMO: current scheme

Obviously, when there is DTX, SR may be detected as ACK/ACK or ACK/NACK. One alternative is to map SR always to NACK/NACK, as shown in Figure 4. When UE misses the PDCCH assignment for the DL transmission, it will be treated as NACK/NACK for both streams. 
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Figure 4. ACK/NACK and SR (ACK DTX) for MIMO: alternative scheme
Finally, for MIMO transmissions with 2 layers, if the DL assignment uses PDCCH format with 2 CCEs, then there will be two ACK resources implicitly mapped to the 2 CCEs. In this case, we can use the following rule to explicitly signal DTX, ACK and SR:
· ACK alone is transmitted on the resource mapped to the first PDCCH CCE. 

· ACK and SR is transmitted on the resource mapped to the second PDCCH CCE. 

· SR with ACK DTX is transmitted on the resource assigned to SR. 

With this scheme, DTX, ACK and ACK+SR are explicitly signalled. However, such a scheme is possible only if the DL assignment uses PDCCH format with 2 CCEs. 

3 Summary

With the current specification for simultaneous transmission of ACK and SR, it is quite possible to misdetect an ACK DTX as ACK for both SIMO and MIMO operations.
This leads to higher layer retransmission. We proposed several ways to improve the ACK DTX detection both for SIMO and MIMO operations. 
We propose discussing the issue and adopting one of the schemes to improve the SR and ACK channel performance. 
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