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1 Discussion

One important open issue related to transmitting ACK/NAK in the PUSCH is the avoidance of the DTX-to-ACK error which can be caused when the UE misses the respective DL scheduling assignment. Proposed methods to address this problem include:

a) using one bit in the UL scheduling assignment to indicate to the UE that its serving eNB expects it to transmit ACK/NAK in the PUSCH [1]

b) the UE scrambles the PUSCH CRC with its ID when it includes ACK/NAK transmission [2]

These two methods are complementary in fully addressing the DTX-to-ACK error avoidance. The first method completely eliminates the DTX-to-ACK error case when PUSCH transmission is associated with an UL scheduling assignment. However, it always forces DTX to be interpreted as NAK which can result to some throughput loss as the eNB uses an incorrect (higher) IR version at the next DL scheduling assignment to that UE. Also, the first method cannot be used when the UL PUSCH transmission is not associated with an UL scheduling assignment (semi-persistent scheduling). The second method may not be able to meet the required DTX-to-ACK error rate of 1% for some values of the PUSCH target BLER used in practice, it cannot be used with retransmissions, but it allows with high probability actual DTX detection and can also be applied without an UL scheduling assignment. 

The combination of the two methods practically eliminates the individual shortcomings and provides a robust and simple solution that can efficiently achieve the DTX-to-ACK error requirements without any negative impact on the system performance.
Therefore, the following way forward is proposed to address the DTX-to-ACK error case for the ACK/NAK transmission in the PUSCH.
2 Proposed Way Forward
a) One bit is included in the UL scheduling assignment to indicate ACK/NAK transmission in the PUSCH
and

b) The UE scrambles the PUSCH CRC with its ID when it has actual (non-DTX) ACK/NAK transmission in the PUSCH
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