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Introduction
RAN2 agreed on the following on HARQ in RAN2#99 meeting:
1) HARQ feedback for autonomous uplink access is supported. FFS: the details of HARQ feedback depends on RAN1.
2) FFS: A maximum number of retransmissions for autonomous uplink access is defined.
3) The HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.
4) It is FFS, the UE behavior upon reception (or not reception) of an HARQ feedback.
5) Retransmission can be switched from autonomous uplink access to grant-based uplink access.
This contribution discusses the FFS and also provides additional discussion items on HARQ for autonomous Uplink access
Discussion
Asynchronous AUL HARQ (re)transmission
Before a new transmission can be made on the AUL, a HARQ entity for the AUL needs to pick a HARQ process ID. In the last RAN 1 meeting, it is agreed that the HARQ process ID for the AUL transmission is configured by the RRC and HARQ processes are shared between the SUL and AUL:
	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




In LTE, a HARQ process for asynchronous UL HARQ operation is associated with a TTI of the received UL grant except for UL grant in RAR. However, due to LBT in unlicensed carrier, it should be flexible for the UE using the AUL (re)transmission that there should not be any fixed relationship between when the UE receives the HARQ feedback and exactly which TTI the UE transmits using that HARQ process. Rather the transmission entity, in this case the UE, picks a HARQ process ID for a new transmission in a configured AUL subframe, based on a HARQ process ID range configured by RRC. 
Proposal 1: For new transmission, the UE picks a HARQ process ID based on a range configured by RRC for a configured AUL subframe. 
From RAN1 agreement, it implies the HARQ process id pool is shared among AUL and SUL. This sharing of the HARQ processes between SUL and AUL can induce possible collisions of the used HARQ process IDs. To avoid such collision, the following rules can be considered:
· If this HARQ process ID has been utilized by AUL for a serving unlicensed cell, the HARQ process ID should have been HARQ ACK via GUL DCI.
· The HARQ process ID is not currently used by a SUL grant in a serving unlicensed cell
· etc.

The above rules are to avoid situation like:
Case 1:
The UE may have already prepared an AUL initial transmission and waiting for the LBT process to finish. In the meantime, the UE may have received an SUL grant indicating the same HARQ process ID, which was already used by AUL. In this case, the UE can ignore the SUL grant and continue the AUL transmission.
	Case 2: 
UE may have already received the NACK feedback for the AUL transmission of a certain HARQ process ID and in preparation of the retransmission via AUL. If, later the UE receives SUL grant for the same HARQ process ID, the UE can ignore the SUL grant.
As the HARQ operation of the AUL is not completely clear yet from the RAN 1 agreements, the rules will have to be further studied. 
Proposal 2: FFS on the rules on sharing of HARQ process-ID between AUL and SUL without collision		
HARQ feedback and AUL retransmission
As the resources for AUL are typically shared (in time and frequency resources), only one UE will successfully or unsuccessfully (re)transmit on the same shared AUL resources. It is likely that the AUL transmission from a UE is transmitted together with a UE-ID (e.g. C-RNTI or specific AUL-RNTI) in order for the eNB to know the source of the transmission. If eNB can decode the AUL transmission successfully, it will send an AUL ACK in the HARQ feedback (which RAN 2 has agreed) together with the UE-ID. If not, the eNB will send an AUL NACK in the HARQ feedback. 
In case of AUL ACK, UE will receive an ACK indication for the corresponding HARQ process ID.
In case of AUL NACK, and hence the need for retransmission, the UE may retransmit on AUL or SUL depending on the feedback from the eNB. 
For AUL retransmission, the UE will receive a NACK indication for the corresponding HARQ process ID in the HARQ feedback. 
For SUL retransmission, the UE will receive a SUL grant for the corresponding HARQ process ID, with NDI set to non-toggled, and the corresponding SUL resources. UE can then retransmit via SUL. This SUL grant has to be received by the UE before or on the same subframe of the HARQ feedback for the AUL (re)transmission. 
Proposal 3: For UE to retransmit on SUL for the corresponding AUL transmission, the DCI for SUL grant must be received before or on the same subframe of the AUL HARQ feedback. Otherwise, the retransmission is performed via AUL depending on the HARQ feedback ACK/NACK.
It is possible that the AUL transmission is not detected at the eNB. In this case, the UE may indefinitely wait for AUL or SUL feedback for the corresponding HARQ process ID. Therefore, there is a need to introduce a new timer. Upon expiration of the timer, the UE can perform new transmission attempt.
Proposal 4: Introduce a new timer calls AUL-HARQ-ACK. Upon expiration of the timer, the UE can perform an AUL retransmission. 
Conclusion and proposals
It is requested that RAN 2 agreed to the proposal below:
Proposal 1: For new transmission, the UE picks a HARQ process ID based on a range configured by RRC for a configured AUL subframe. 
Proposal 2: FFS on the rules on sharing of HARQ process-ID between AUL and SUL without collision.
Proposal 3: For UE to retransmit on SUL for the corresponding AUL transmission, the DCI for SUL grant must be received before or on the same subframe of the AUL HARQ feedback. Otherwise, the retransmission is performed via AUL depending on the HARQ feedback ACK/NACK.
Proposal 4: Introduce a new timer calls AUL-HARQ-ACK. Upon expiration of the timer, the UE can perform an AUL retransmission. 


