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In this contribution, we show our views for the autonomous uplink (AUL) HARQ operation, and required control signalling functionalities.
As background, the related AUL agreements from RAN1#89 are listed below:
Agreements:
· Additional HARQ processes are not introduced for AUL transmission (i.e. AUL supports 16 HARQ processes just like Re-14 eLAA) 
· The HARQ process IDs allowed for AUL operation are UE specifically RRC configured
· All 16 HARQ-processes can be used for scheduled transmissions

Working assumption:
· Both scheduled and autonomous retransmission are supported for AUL transmissions.
Discussion
UCI Transmission Mechanism
The UCI shall only be transmitted in an AUL transmission in our view. Then the presence or non-presence of the UCI is a reliable indicator to the eNB to determine whether the received PUSCH is the result of an uplink grant or an autonomous transmission. This is particularly important since the uplink grant for an AUL-enabled UE might have been lost due to excessive noise or interference from a hidden node on the unlicensed carrier. Therefore, we also suggest that the AUL-UCI shall include a CRC (see below).
The physical resources for UCI transmissions preferably follows the mapping of CQI/PMI on the PUSCH REs.
Proposal 1: AUL-UCI is only transmitted in AUL transmissions.
Proposal 2: AUL-UCI is mapped on the PUSCH resources following the approach for mapping CQI/PMI on PUSCH.
UCI Content in AUL Transmissions for HARQ Operation
Since the AUL transmission is grant-free, there is no eNB signalling to determine neither the HARQ ID, nor the NDI, nor the RV of the PUSCH data. Even though the HARQ ID could be derived by a formula from a subframe index, still the NDI and RV need to be indicated explicitly by the UE in a UCI that accompanies the PUSCH data. As such a new UCI format is therefore necessary anyway, we think it is reasonable to include the HARQ ID at the same time explicitly in the UCI. This can help to keep the retransmission delay to a minimum.
Even though there are some analogies between AUL and UL SPS, for the NDI we consider the same mechanism as in licensed scheduled uplink, i.e. a toggled NDI in the UCI indicates a new transport block.
The RV shouldn’t be restricted, so we suggest that the RV field in the AUL-UCI is 2 bits long. Nevertheless, it can be useful to mandate a sequence (from the UE’s perspective) of RV [0;2;3;1] for autonomous transmissions of the same transport block.
A UE ID is also required to identify the transmitter, since the eNB may have enabled the same resources for multiple UEs.
In order to protect the AUL-UCI detection from undetected errors, we suggest that a CRC is attached to the UCI payload, basically in the same way as for CQI/PMI on PUSCH. However, so far the CRC for UCI is 8 bits. In order to be able to combine the CRC and the UE ID efficiently together, we think the best solution is to attach a CRC of 16 bits to the UCI, and scramble the CRC by the UE’s RNTI in the same fashion as it is done for DCI via PDCCH. Otherwise the overall UCI length becomes unnecessarily large or a new method is needed to arrive at 8-bit UE-IDs, which in turn may be too restrictive in the long term as it would allow a configuration of at most 256 UEs for AUL. Additionally, the protection given by 8 bits CRC against undetected errors would be limited.
Proposal 3: The new AUL-UCI format is explicitly transmitted with the AUL PUSCH to convey HARQ ID, NDI, RV, and is protected by a 16-bit CRC scrambled by the UE ID.
Proposal 4: A toggled NDI in the AUL-UCI indicates a new transport block.
Proposal 5: A 2-bit RV field is included in the AUL-UCI.
HARQ-ACK Feedback
In order to support autonomous retransmissions, it is necessary to convey HARQ feedback to the UE(s). Due to the opportunistic access and the potential of collisions, a strict timing instance for the reception of the feedback is not useful; rather we suggest that the UE monitors a HARQ feedback channel during a certain time window after the AUL transmissions have occurred. For efficiency and reliability, we think adding a CRC is useful, as it helps the UE to tell a successfully received HARQ feedback from random noise or transmissions by other nodes on the unlicensed carrier. In order to be efficient in terms of DL resource usage, we therefore suggest that the HARQ feedback is conveyed in a similar fashion as the power control DCI formats 3/3A, where a DCI is designed to carry multiple HARQ-ACKs at a time and is protected by a 16-bit CRC. As there is no monitored common search space on an unlicensed carrier, such a HARQ feedback DCI format preferably contains HARQ-ACK from only a single UE.
In contrast to the HARQ-ACK on PHICH, the content of the HARQ feedback DCI shall not be interpreted as a retransmission command, but rather as an indication of whether a HARQ process is available for transmission of a new transport block, or for retransmissions.
Proposal 6: A HARQ-ACK feedback channel is introduced carrying HARQ-ACK for a specific UE, with a 16 bit CRC attached.
Power Control
Evidently, autonomous transmissions are grant-free except for the activation DCI. Therefore there are no closed-loop TPC mechanisms readily available, even though they would be useful to adapt the transmission power over time without having to reactivate AUL transmissions with an adapted MCS or RBA. As a new design for the HARQ feedback channel is required, we therefore suggest to include a UE-specific TPC command for PUSCH in that channel, preferably in the same fashion and interpretation as for the corresponding TPC field in a scheduling uplink grant.
Proposal 7: A TPC for PUSCH field is included in the HARQ-ACK feedback channel.
Conclusions
In this contribution, we show our views on HARQ operation and corresponding UCI and HARQ feedback transmission. In conclusion, we propose:
Proposal 1: AUL-UCI is only transmitted in AUL transmissions.
Proposal 2: AUL-UCI is mapped on the PUSCH resources following the approach for mapping CQI/PMI on PUSCH.
Proposal 3: The new AUL-UCI format is explicitly transmitted with the AUL PUSCH to convey HARQ ID, NDI, RV, and is protected by a 16-bit CRC scrambled by the UE ID.
Proposal 4: A toggled NDI in the AUL-UCI indicates a new transport block.
Proposal 5: A 2-bit RV field is included in the AUL-UCI.
Proposal 6: A HARQ-ACK feedback channel is introduced carrying HARQ-ACK for a specific UE, with a 16 bit CRC attached.
Proposal 7: A TPC for PUSCH field is included in the HARQ-ACK feedback channel.
