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1
Introduction
One important open issue related to transmitting ACK/NAK in the PUSCH is the avoidance of the DTX-to-ACK error. DTX to ACK error means the case of detecting ACK even though neither ACK nor NACK is sent. Interpreting DTX as ACK causes severe error cases as discussed in e.g. [1] and [2]. The issue has been well known for quite some time. Furthermore, the ACK/NACK DTX detection issue is not isolated, but has quite significant implications on e.g. RAN4 demodulation requirements definition modelling and dimensioning of control signalling resources on PUSCH as described in [3] 

In the RAN1 meeting #53, a joint way forward was proposed [4], combining the main part of the two proposals on the table:

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 
b) the UE scrambles the PUSCH CRC with its ID when it includes ACK/NAK transmission
However, final agreement was not reached among the group. The main concerns were related to the added UE complexity due to CRC masking and the handling of non-scheduled retransmission in the case of persistent scheduling.
2
Discussion
In [NNSN, Samsung] the main motivation to use CRC masking in the case of non-persistent scheduling was to allow for explicit DTX signalling, i.e. to be able to differentiate between DTX and NACK. In the original proposal [1] this was not seen as necessary. However, with incremental redundancy it may actually be beneficial to distinguish DTX from NACK. This can also be done without CRC masking, by e.g. in the case of DTX sending a predefined sequence. As an example, with 4 symbols reserved for ACK/NACK, explicit DTX signalling could look like this:
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-
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– 
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-
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-
NACK

-
ACK

-
NACK

i.e. in the case of signalled DTX, every other symbol would correspond to ACK constellation point and every second to NACK. At the receiver the averaging of the symbols allows for ease detection of DTX.

With persistent scheduling there exists several alternatives for coping with the lack of UL grant:

· for the 1st transmissions, the CRC masking can be used. This can only be used with the 1st transmissions, and relies on the data being decoded correctly
· the ACK/NACK resources can be “over”dimensioned with the PUSCH control dimensioning offset  parameter 
[image: image1.wmf]PUSCH

offset

D

 to allow for DTX-detection based on the A/N symbols with sufficient probability

· the eNodeB scheduler can avoid the situation by simple scheduling restrictions, which in the absence of fast link adaptation may well be the safest way to go.

With non-adaptive retransmissions there are at least a couple of possible alternatives:

· Reserve the ACK/NACK space always and signal DTX explicitly as described above. Overhead is increased. On the other hand, if this scheme is used only with non-scheduled re-transmissions, this should be not a big issue. Furthermore, as the size of this ACK/NACK space scales with the MCS then overhead is not based on the maximum number of ACK/NACK symbols. Benefit of this approach is that we can keep the existing A/N dimensioning & performance 

· Reserve the ACK/NACK space only when ACK/NACK exists. Benefit is that there is no constant overhead due to DTX signalling. On the other hand, a special A/N dimensioning is may be needed to achieve the same A/N performance. Alternatively the eNodeB can avoid the DTX issue by scheduling
3
Summary
In this contribution we have listed some alternatives of how to cope with the DTX-to-ACK issue in LTE PUSCH. In order to avoid always over dimensioning the ACK/NACK resource and to guarantee reliable system operation we propose to include one bit in the UL grant for LTE FDD or a few bits (e.g. 1 to 2 bits) for LTE TDD to indicate the presence of a simultaneous DL assignment. This decision would give the RAN4 for a solid basis for the demodulation requirements design. 
On the other hand, it should be noted that the PUSCH dimensioning formula already assumes DTX information exists. Hence, unless agreement on the DTX-to-ACK issue is reached another extensive simulation campaign needs to be started to come up with a new formula and offset values.
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