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1
Introduction
Without any loss in generality, there are effectively two choices for uplink ACK/NAK signaling corresponding to downlink PDSCH, namely, BPSK and On-off keying (OOK)
In this document, we outline the issues with the choice of each approach in different scenarios.
2
ACK Signaling
2.1
RACH Procedure
In RAN2, the following RACH principles have been agreed:

· Messages 2 and 4 are mapped to the DL-SCH

· HARQ is not enabled on message 2
· HARQ is enabled on message 4
The PDSCH containing message 4 is transmitted with a corresponding PDCCH. The UE behavior is as follows:

· PDCCH decoded correctly

· PDSCH decoded correctly

· UE observes its unique ID in the message

· ACK mapped to +1

· UE does not observe its unique ID in the message

· RACH procedure aborted

· ACK/NAK signaling mapped to 0

· PDSCH decoded incorrectly

· NAK mapped to 0

· PDCCH missed

· DTX == ACK/NAK signaling mapped to 0

This behavior has already been agreed in RAN2 as a stage 2 working assumption.
2.2
Dynamic Scheduling

If a UE is scheduled on PDSCH using PDCCH, the UE behavior can be summarized as follows:

· PDCCH decoded correctly

· PDSCH codeword decoded correctly

· ACK mapped to +1 

· PDSCH codeword decoded incorrectly

· NAK can be mapped to -1 (BPSK) or  0 (OOK)
· PDCCH missed

· DTX == ACK/NAK signaling mapped to 0

Using OOK reduces the number of hypotheses at the receiver. However, the eNB needs to detect the fact that the UE might have missed the PDCCH, enabling it to potentially retransmit the systematic bits.
Therefore, BPSK signaling at UE and a tri-state receiver at eNB is preferred.
2.3
Persistent Scheduling

Persistent scheduling is a mode of operation wherein a UE is scheduled on PDSCH without a corresponding PDCCH. In this scenario:

· Multiple UEs monitor the same set of RB for PDSCH and attempt to decode it

· The PDSCH CRC is masked with the target UE C-RNTI

While this discussion is ongoing in RAN2, in this mode of operation, the UE’s assumes OOK on the corresponding ACK signaling:
· ACK is mapped to +1

· NAK is mapped to 0

3
Conclusions
Based on the discussions in section 2, we propose to adopt the following principles of UL ACK signaling at UE:

· Both OOK and BPSK supported by the UE
· OOK used for message 4 of RACH (and persistent scheduling if adopted in RAN2)

· BPSK used for dynamic scheduling
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