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1 Introduction
In RAN1#90[1], the following agreements are achieved.

RAN1#90 Agreement:
· 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 RAN2#99[2], the following agreements are achieved.

Agreements
2
From a RAN2 point of view it is beneficial from spectral efficiency perspective to schedule multiple UEs on the same resources in some scenarios.
2
The UE does not transmit on autonomous access resources when an UL grant is received for the same TTI.

3
From RAN2 perspective, autonomous access should not be used for retransmission of dynamically scheduled transmissions

1
From RAN2 perspective, both new AUL transmission and retransmission can be performed via resource for autonomous uplink access.

2
Retransmission can be switched from autonomous uplink access to grant-based uplink access.

3
HARQ feedback for autonomous uplink access is supported. FFS: the details of HARQ feedback depends on RAN1.

4
FFS: A maximum number of retransmissions for autonomous uplink access is defined.
1
From RAN2 perspective, the HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.

In this paper we will further discuss the potential impact on HARQ with the introduction of autonomous uplink access on Frame Structure type 3.
2 HARQ for autonomous uplink access
2.1 New transmission and retransmission 
RAN2 agreed “both new AUL transmission and retransmission can be performed via resource for autonomous uplink access.” When there is new data available for AUL transmission but there is a TB in the HARQ buffer pending for AUL retransmission since it has not been successfully decoded by the eNB, the question arises whether to continue with the HARQ retransmission for this TB or start with a new transmission for a new TB. To be aligned with legacy LTE and considering the potential gain of soft combination, we prefer that retransmission prioritizes over new transmission for the same HARQ process when performing AUL transmission.
Proposal 1: Retransmissions have higher priority over new transmissions for the same HARQ process when performing AUL transmission.

2.2 HARQ feedback for AUL
It was already agreed that HARQ feedback is supported for AUL, and retransmission can be performed via AUL resource. Based on the above agreements, we are going to discuss about the trigger conditions for retransmission after the UE performs a transmission on AUL resource. From UE’s perspective, it is expected to obtain a HARQ feedback indication to determine whether a retransmission should be triggered or not. Potential options are listed as below:
· Option 1: an implicit HARQ feedback indication based on UL grant addressed to a specific RNTI, e.g. NDI mechanism, to indicate “NACK/ACK”

· Option 2: define an AUL_HARQ_feedback_timer (one per HARQ process for AUL), UE assumes following, when the AUL_HARQ_feedback_timer expires.
· 2-1: ACK if an NACK indication is not received

· 2-2: NACK if an ACK indication is not received

· Option 3: Both explicit ACK and NACK is supported

For option 1, since we already agreed the retransmission for the same TB can be switched from AUL to SUL, then based on the received uplink grant, i.e. whether NDI is toggled or not, UE is aware of whether new transmission or retransmission should be performed. Therefore option 1 should be supported.
For option 2, if the retransmission is performed on AUL resource, then the eNB shall send either ACK or NACK after an AUL transmission has been decoded by the eNB. For option 2-1, the UE will be only informed when the eNB does not decode the data successfully; for option 2-2, the UE will be only informed when the eNB does decode the data successfully. Generally speaking, the successful rate for UL transmission is higher than failure rate if the eNB selects a suitable scheduling strategy, e.g. MCS, PRB, transmission power etc. Therefore compared with option 2-2, option 2-1 reduces the signalling overhead for HARQ feedback. One example is shown in Figure 1. For this option, we need to introduce a new timer and specify corresponding UE behaviour including when to start/restart/stop this timer as well as how to judge whether the transmission is successfully decoded or not. 
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Figure1
For option 3, it is similar with HARQ feedback for synchronous HARQ. However compared with option 2, option 3 increases signalling overhead since the eNB needs to send the HARQ feedback indication regardless of whether the TB is successfully decoded or not.
Based on the above analysis, we propose RAN2 to discuss and select one option between option 2 and option 3 for AUL HARQ feedback. 
Proposal 2: RAN2 to discuss and select one option between option 2 and option 3 for AUL HARQ feedback. 
· Option 2: define an AUL_HARQ_feedback_timer (one per HARQ process for AUL), UE assumes following, when the AUL_HARQ_feedback_timer expires.

· 2-1: ACK if an NACK indication is not received

· 2-2: NACK if an ACK indication is not received

· Option 3: Both explicit ACK and NACK is supported
2.3 Maximum retransmission

To avoid endless HARQ retransmission using the AUL resource, a maximum number of retransmissions is proposed to be defined. When the UE reaches the maximum number of retransmissions for a TB considering both AUL retransmission and SUL retransmission, the UE flushes the HARQ buffer and stops to perform retransmission for this TB via AUL resource and SUL resource.
Proposal 3: A maximum number of retransmissions is defined in FeLAA.
Proposal 4: The MAC entity flushes the HARQ buffer when the number of retransmission reaches the maximum. 
To achieve this, a COUNTER should be introduced. Similar as in LTE, whenever a retransmission is performed, the COUNTER is added by one. One question to be noted is that if LBT fails, whether the COUNTER is added or not. Since in Rel-14 eLAA we have already discussed about this issue and the conclusion is that even though LBT is not successful, the transmission is considered as transmitted. Therefore, we think similar principle should be adopted here, i.e. no matter whether LBT successes or not, the COUNTER is added by one.

Proposal 5: One COUNTER is introduced to count the number of retransmission.

Proposal 6: The COUNTER is incremented by one even in the case when LBT fails.   
2.4 HARQ handling for switching from AUL to SUL
In Rel-14 eLAA, asynchronous HARQ was introduced for SUL transmission on LAA SCell and there is no explicit HARQ feedback for this kind of SUL. The UE follows what the PDCCH asks the UE to do i.e. perform a transmission or retransmission and HARQ buffer is not flushed for SUL.

In asynchronous HARQ operation, a HARQ process is associated with a TTI based on the received UL grant except for UL grant in RAR. Except for NB-IoT, each asynchronous HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RAR, HARQ process identifier 0 is used. HARQ feedback is not applicable for asynchronous UL HARQ.

Based on current RAN1 agreement, the HARQ process IDs for AUL is configured by the eNB. Furthermore RAN2 agreed “Retransmission can be switched from autonomous uplink access to grant-based uplink access.” If the retransmission of a TB for a HARQ process is switched from AUL to SUL, the UE is not sure whether this TB has been successfully decoded by the eNB or not due to no HARQ feedback for SUL transmission is received. In this case, this HARQ process may be blocked from new data transmission via AUL resource.
Observation 1: The shared HARQ process will be blocked from subsequent new transmission via AUL resource if the corresponding HARQ buffer is not flushed when grant-based retransmission is successfully decoded by the eNB.

To solve this issue, two options listed as below can be considered.
· Alt 1: introduce an explicit HARQ feedback indication for SUL retransmission
· Alt 2: define a timer, e.g. buffer_flush_timer (one per AUL HARQ process), UE assumes ACK if no uplink grant is received for the corresponding HARQ process for an AUL transmission, when the timer expires. In that case the UE can flush the HARQ buffer to send the new data. One example is shown in Figure2.
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Figure 2
Both Alt 1 and Alt 2 can work and the motivation is to assist the UE to flush the buffer to continue new data transmission via AUL resource when the corresponding retransmission of a TB for a HARQ process is switched from AUL to SUL. For Alt 1, one new mechanism needs to be introduced and signalling overhead cannot be avoided. For Alt 2, we need to define one new timer and specify corresponding UE behaviour including when to start/restart/stop the timer etc. Therefore, we propose RAN2 to discuss about this issue and choose one option between these two.  
Proposal 7: RAN2 is suggested to select one from these two options.
· Alt 1: introduce an explicit HARQ feedback indication for SUL retransmission

· Alt 2: define a timer, e.g. buffer_flush_timer (one per AUL HARQ process), UE assumes ACK if no uplink grant is received for the corresponding HARQ process for an SUL transmission, when the timer expires. 
Proposal 8: The MAC entity can start with a new transmission for a HARQ process via AUL resource when the previous SUL transmission for this HARQ process has been considered as ACK.
2.5 HARQ information for AUL
RAN2 agreed “From RAN2 perspective, the HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.” In asynchronous HARQ, the timing between initial transmission for AUL and retransmission for AUL is flexible and determined by UE. The eNB may not be aware of this timing if there is none related HARQ information received from UE. To solve this issue, some HARQ information associated with the PUSCH transmission via AUL resource may be sent to the eNB for the purpose of HARQ soft combination. The HARQ information may include:
· HARQ process ID
· NDI
· RV 
· TB duration 
· Actual number of consecutive subframes for AUL transmission if multiple subframes transmission is supported for AUL.
Proposal 9: UE signals some HARQ information associated to the PUSCH transmission via AUL resource. The details of HARQ information (e.g. HARQ process ID, NDI, RV) depends on RAN1 decision.

3 Conclusion

This contribution discusses about the impact on HARQ with the introduction of autonomous uplink access from the perspective of RAN2 and we have the following observation and proposals:

Observation 1: The shared HARQ process will be blocked from subsequent new transmission via AUL resource if the corresponding HARQ buffer is not flushed when grant-based retransmission is successfully decoded by the eNB.
Proposal 1: Retransmissions have higher priority over new transmissions for the same HARQ process when performing AUL transmission.

Proposal 2: RAN2 to discuss and select one option between option 2 and option 3 for AUL HARQ feedback. 

· Option 2: define an AUL_HARQ_feedback_timer (one per HARQ process for AUL), UE assumes following, when the AUL_HARQ_feedback_timer expires.

· 2-1: ACK if an NACK indication is not received

· 2-2: NACK if an ACK indication is not received

· Option 3: Both explicit ACK and NACK is supported

Proposal 3: A maximum number of retransmissions is defined in FeLAA.
Proposal 4: The MAC entity flushes the HARQ buffer when the number of retransmission reaches the maximum. 

Proposal 5: One COUNTER is introduced to count the number of retransmission.

Proposal 6: The COUNTER is incremented by one even in the case when LBT fails.   
Proposal 7: RAN2 is suggested to select one from these two options.

· Alt 1: introduce an explicit HARQ feedback indication for SUL retransmission

· Alt 2: define a timer, e.g. buffer_flush_timer (one per AUL HARQ process), UE assumes ACK if no uplink grant is received for the corresponding HARQ process for an SUL transmission, when the timer expires. 
Proposal 8: The MAC entity can start with a new transmission for a HARQ process via AUL resource when the previous SUL transmission for this HARQ process has been considered as ACK.
Proposal 9: UE signals some HARQ information associated to the PUSCH transmission via AUL resource. The details of HARQ information (e.g. HARQ process ID, NDI, RV) depends on RAN1 decision.
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