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Introduction
RAN2 agreed on the following on HARQ in RAN2#99bis meeting
1) In the LAA autonomous UL access, HARQ processes are not tied to TTIs.
2) HARQ retransmissions of a certain transport block shall avoid issues with the RLC reordering procedures. FFS on how to solve this issue.
RAN1 also agreed the following on HARQ retransmission from RAN1#90
· Confirm the working assumption that both scheduled and autonomous retransmission are supported for AUL transmissions.
· Scheduled retransmission is triggered by: 
· Reception of UL grant indicating same HARQ process ID, same TBS, and NDI non-toggled.
· FFS: the UE behaviour in case of TBS mismatch 
· FFS: timing relationship between SUL retransmission grant and AUL-DFI 
· UE may autonomously retransmit after:
· Reception of NACK feedback via the AUL-DFI for explicit AUL HARQ feedback
· No indication is received from eNB (neither rescheduling UL grant nor AUL-DFI) for X subframes since the transmission of a given HARQ process
· FFS:  value of X
· FFS:  whether X is fixed or configurable
· Note: X is not related to CWS update procedure

This contribution discusses some of the FFS and also provides additional discussion items on HARQ for autonomous uplink access
Discussion
UE selection of HARQ process ID
RAN1 has agreed on the following regarding HARQ process ID:
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
UE determines the HARQ process ID, NDI and RV for Autonomous UL transmissions.
· FFS RV sequence followed by the UE
Based on the above RAN 1 agreement, eNB configures a range of HARQ process ID. For every new transmission, the UE picks a HARQ process ID based on the range configured by eNB. UE then include the chosen HARQ process ID as part of the AUL-UCI in every transmission/retransmission over AUL. The HARQ process ID needs to be provided for each AUL (re)transmission via UCI, since HARQ processes are not tied to TTIs and in order to prevent the eNB to use a UL HARQ process ID for SUL. 
As on when the HARQ process can be used for a new AUL transmission, it would at least require that the HARQ process for the corresponding HARQ process ID is not already being used for AUL (re)transmission in which HARQ ACK feedback has not been received or maximum retransmission has not been reached for the HARQ process corresponding to the HARQ process ID and the HARQ process ID is not used by SUL.
Proposal 1: UE can select the HARQ process for new AUL transmission when the following conditions are fulfilled:
1. the HARQ process for the corresponding HARQ process ID is not already being used for AUL (re)transmission in which HARQ ACK feedback has not been received or maximum retransmission has not been reached for the HARQ process corresponding to the HARQ process ID 
2. The HARQ process ID is not used by a SUL grant. 
AUL HARQ retransmissions
RAN 1 and RAN 2 already agreed that AUL retransmission can be AUL based or SUL based. Furthermore, RAN 1 also agreed to the following:
· Scheduled retransmission is triggered by: 
· Reception of UL grant indicating same HARQ process ID, same TBS, and NDI non-toggled.
· FFS: the UE behaviour in case of TBS mismatch 
· FFS: timing relationship between SUL retransmission grant and AUL-DFI 
· UE may autonomously retransmit after:
· Reception of NACK feedback via the AUL-DFI for explicit AUL HARQ feedback
· No indication is received from eNB (neither rescheduling UL grant nor AUL-DFI) for X subframes since the transmission of a given HARQ process
· FFS:  value of X
· FFS:  whether X is fixed or configurable
· Note: X is not related to CWS update procedure

For SUL based retransmission, the UE will receive a SUL grant for the corresponding HARQ process ID, with NDI set to non-toggled, with the corresponding SUL resources. UE can then retransmit via SUL. Logically, 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. Otherwise, the UE will performs retransmission on AUL. Hence it is proposed that:
Proposal 2: For UE to retransmit on SUL for the corresponding AUL transmission, the AUL HARQ NACK must receive before the expiration of timer X, and the SUL grant must be received before or on the same subframe of the AUL HARQ NACK.
Proposal 3: If a SUL grant associated with an AUL HARQ process is received after the retransmission of the AUL HARQ process gets started, UE discards the SUL grant.
For AUL based retransmission, there are two conditions that trigger an AUL retransmission:
1. UE receives an explicit HARQ NACK for a HARQ process ID without uplink grant for SUL
2. eNB may missed an AUL transmission altogether, hence the UE will not get any AUL-DCI feedback. Based on RAN1 agreement, after the expiration of timer X, UE shall retransmit using AUL and discard any subsequent SUL associated with the same HARQ process
Based on the above, the following observation can be derived:
Observation: For UE to retransmit on AUL for an AUL HARQ process: 
· AUL HARQ NACK feedback without a SUL grant for the AUL HARQ process must be received before the expiration of timer X or
· Expiration of timer X
From the observation, the timer X is quite closely related to the 2 DRX timers below:
UL HARQ RTT timer: Specifies the minimum amount of subframe(s) before a UL HARQ retransmission grant is expected by the MAC entity. For LTE FDD, this value is set to 8 subframes, and for TDD, this is set to k + 4 subframes where k is the interval between the downlink transmission and the transmission of associated HARQ feedback. According section 5.7 of 36.321, UE starts the UL HARQ RTT timer right after the PDCCH indicates an UL transmission for an asynchronous HARQ process or if an UL grant has been configured for an asynchronous HARQ process for this subframe
drx-ULRetransmission timer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL retransmission is received. It is RRC configurable in unit of PDCCH subframes, range from 0 to 320 PDCCH subframes. According section 5.7 of 36.321, UE starts drx-ULRetransmission timer after the expiration of UL HARQ RTT timer.
There are three ways to implement Timer X:
Option 1: Use UL HARQ_RTT and drx-ULRetransmission as timer X. 
In this option, a new drx-ULRetransmission timer is used for AUL purposes, so that a different value can be used. Furthermore, the behaviour upon expiry of the timer is different to the existing drx-ULRetransmission timer as it allows the HARQ process to retransmit again on AUL, rather than going into DRX. 
	drx-ULRetransmission(AUL)
UL HARQ_RTT(AUL)

Timer X


UL HARQ_RTT Timer: 
· The timer is started on the last repetition of the PUSCH transmission on AUL
· At expiry, the drx-ULRetransmission(AUL) timer is started
drx-ULRetransmission(AUL) timer
· The timer is stated when UL HARQ RTT expires
· The timer is stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission
· At expiry, the corresponding HARQ process retransmit at the next available AUL.

Option 2:  Defined a new Timer X replacing UL HARQ_RTT and drx-ULRetransmission altogether. 
In this option, it is to define a whole new timer in place of HARQ_RTT and drx-ULRetransmission altogether.
· The timer is started on the last repetition of the PUSCH transmission on AUL
· The timer is stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission
· At expiry, the corresponding HARQ process retransmit at the next available AUL.

Option 3:  Keep Timer X separate from UL HARQ_RTT and drx-ULRetransmission altogether.
In this option the UE keep three timers:
· Timer X and UL HARQ_RTT are both started on the last repetition of the PUSCH transmission on AUL
· During the time of UL HARQ_RTT, UE does not need to monitor PDCCH (like in legacy)
· At expiry of UL HARQ_RTT, the drx-ULRetransmission timer is started
· Both Timer X and drx-ULRetransmission(AUL) timer are stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission
· If Timer X expires before receiving a SUL grant or HARQ feedback, the corresponding HARQ process retransmit at the next available AUL

All three options should be able to address the interaction of timer X as specified by RAN 1 and the DRX timers specified in 36.321.
Proposal 4: Options 3 is the preferred way of handling timers related to AUL retransmission and their start condition is as follow:
· Timer X and UL HARQ_RTT both started on the last repetition of the PUSCH transmission on AUL
· During the time of UL HARQ_RTT, UE need not to monitor PDCCH
· At expiry of UL HARQ_RTT, the drx-ULRetransmission timer is started
· Both Timer X and drx-ULRetransmission timer are stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission
· If Timer X expires before receiving a SUL grant or HARQ feedback, the corresponding HARQ process retransmit at the next available AUL
 
Number of HARQ retransmissions
From previous discussion, RAN1 has agreed on a timer for AUL retransmission, but did not state how many times the retransmission can happens. 
From RAN2 99bis agreements:
HARQ retransmissions of a certain transport block shall avoid issues with the RLC reordering procedures. FFS on how to solve this issue.
There are two ways to limit the number of retransmission, one is the use of a counter, similar to synchronous HARQ that set a limit based on a configurable timer maxHARQ-Tx. Due to the asynchronous nature of AUL and all transmissions are subject to LBT, we believe a timer it more appropriate. When this AUL HARQ retransmission timer expired, the UE will flush the HARQ buffer. This timer should covers both retransmission due to HARQ NACK and no AUL-DCI for a HARQ process.
Proposal 5: Create an AUL HARQ retransmission timer to limit the number AUL retransmission. This timer should start after the first AUL transmission for a particular HARQ process. The value is FFS.
Conclusion and proposals
It is requested that RAN 2 agreed to the proposal below:
Proposal 1: UE can select the HARQ process for new AUL transmission when the following conditions are fulfilled:
1. the HARQ process for the corresponding HARQ process ID is not already being used for AUL (re)transmission in which HARQ ACK feedback has not been received or maximum retransmission has not been reached for the HARQ process corresponding to the HARQ process ID 
2. The HARQ process ID is not used by a SUL grant.
Proposal 2: For UE to retransmit on SUL for the corresponding AUL transmission, the AUL HARQ NACK must receive before the expiration of timer X, and the SUL grant must be received before or on the same subframe of the AUL HARQ NACK.
Proposal 3: If a SUL grant associated with an AUL HARQ process is received after the retransmission of the AUL HARQ process gets started, UE discards the SUL grant
Proposal 4: Options 3 is the preferred way of handling timers related to AUL retransmission and their start condition is as follow:
· Timer X and UL HARQ_RTT both started on the last repetition of the PUSCH transmission on AUL
· During the time of UL HARQ_RTT, UE need not to monitor PDCCH
· At expiry, the drx-ULRetransmission(AUL) timer is started
· Both Timer X and drx-ULRetransmission(AUL) timer are stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission
· If Timer X expires before receiving a SUL grant or HARQ feedback, the corresponding HARQ process retransmit at the next available AUL
Proposal 5: Create an AUL HARQ retransmission timer to limit the number AUL retransmission. This timer should start after the first AUL transmission for a particular HARQ process. The value is FFS.
