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Introduction
RAN1 agreed that:
	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



Based on the RAN1 agreement, there is no AUL specific HARQ process ID. Therefore, both AUL and SUL share the 16 HARQ process IDs.
RAN2 agreed that:
	1. In the LAA autonomous UL access, HARQ processes are not tied to TTIs.
2. The UE does not transmit on autonomous access resources when an UL grant is received for the same TTI.
3. From RAN2 perspective, both new AUL transmission and retransmission can be performed via resource for autonomous uplink access.
4. Retransmission can be switched from autonomous uplink access to grant-based uplink access.



Based on the RAN1 and RAN2 agreement, this means eNB does not know a-priori the HARQ-ID the UE chooses for AUL transmission. And vice-versa UE does not know a-priori the HARQ-ID the eNB chooses for SUL grant. Therefore, some rules need to be in place to mitigate the possible collision of HARQ-ID.
Discussion
During RAN2#101bis, there were number of contributions address the problem SUL and AUL coexistence. Scenarios have shown that we don’t have a general principle on which UL transmission method SUL or AUL should take precedence. We will examine a few scenarios in this contribution and propose a few general guiding principle in terms of coexistence.
In order to see the conflict of HARQ process between SUL and AUL, let’s examine the following timeline where AUL and SUL coexistence may occur:

					Figure 1



Scenario 1 (AUL retransmission using SUL and TBS mismatch case)
UE receives SUL grant for the retransmission of AUL enabled HARQ process ID#k before or the same subframe as the HARQ NACK. There are 2 cases that need to be considered here depending on the contents of the SUL grant:
Case A: SUL grant with the DCI indicating same AUL enabled HARQ process ID, same TBS, and NDI non-toggled and before timer X expires or stopped. 
Case B: SUL grant with matched AUL enabled HARQ process ID, but different TBS size with NDI toggled. 
For Case A (AUL retransmission using SUL), as described from our contribution [1], the UE should consider this as a NACK, stop timer X, and follow the SUL grant for AUL retransmission. This is also in line with the RAN1 agreement below:
· 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.
· 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

Proposal 1: If a SUL is to be used by the UE for a AUL retransmission, the SUL  grant with DCI indicating same HARQ process ID, same TBS, and NDI non-toggled must be received before Timer X expires, or in the same subframe of the HARQ NACK feedback for the AUL (re)transmission. If the SUL (TBS may or may not mismatch) corresponding to the same HARQ process ID comes after the HARQ NACK feedback or after the Timer X expiry will be discarded.
For Case B (TBS mismatch), this can happen when eNB doesn’t see the AUL subframe at n+4 and decided to schedule a new transmission. In this case the SUL grant should be discarded. For UE to use the SUL grant with a mismatch TBS, it will result in  flushing the HARQ buffer corresponding to the HARQ process used by the AUL transmission and results in RLC retransmission of those RLC SDUs related to MAC PDU lost in the flushing of the HARQ buffer. This affects the UE throughput as well as complicates the specification and the implementation. It was also brought to our attention that this was agreed by RAN1 in an email discussion (R1-1720540), but was unfortunately not captured in the chair’s notes.

Proposal 2: For the TBS mismatch case (during the Timer X running), the SUL corresponding to the same HARQ process ID as the AUL (re)transmission) will be discarded.

Scenario 2: (SUL grant is received after HARQ NACK or Timer X expiry) 
When a SUL grant for an AUL enabled HARQ process is received with TBS mismatch after the HARQ NACK feedback of the AUL enabled HARQ process is received or Timer X expiry, the UE should discard the SUL, if it is received. For the HARQ NACK feedback case, it can be prevented by the network. However for the case of Timer X expiry, network may not have received the AUL transmission.  Therefore, it should be treated like scenario 1 case 2.
Proposal 3: In the case the Timer X expiry and a SUL corresponding to the same HARQ process ID as the AUL (re)transmission is received, the UE should discard the SUL grant like the TBS mismatch case. 

Scenario 3: (SUL grant for the HARQ process ID#k is received during UL HARQ RTT Timer) 
By definition UL HART RTT timer specifies the minimum amount of subframe(s) before an UL HARQ retransmission grant is expected by the MAC entity. This is the time for the UE to stop monitor PDCCH.  Therefore, a SUL grant comes in while the UL HART RTT timer is running most likely is as a result of a race condition between Timer X and eNB generating a SUL grant. To avoid a double transmission of the same TB, the best way is to discard the SUL grant.
Proposal 4: UE shall discard a SUL grant to the AUL enabled HARQ process when the UL HARQ RTT timer is running.
Scenario 4: (UE receives HARQ ACK for the AUL enabled HARQ process ID#k and SUL grant for the same HARQ process is received after).
When a SUL grant for an AUL enabled HARQ process is received after the HARQ ACK feedback of the AUL enabled HARQ process is received, the UE MAC can use the HARQ process for the next AUL transmission or it may be used by the eNB for new transmission over SUL. For example, the AUL transmission with HARQ-ID X has been ACKed. At N-4, a SUL grant with HARQ-ID X and the next AUL opportunity is at N. Since the SUL comes in 4 subframes before the AUL opportunity, the UE shall then follow the SUL grant with the HARQ ID X, as per the agreement that SUL transmission always overrides the AUL transmission. In fact, the UE shall accept any SUL grant with the HARD ID X after the HARQ ACK for the HARQ ID X and before N-4 as long as the HARQ ID X is not used.  However, if the SUL grant with HARQ ID X is received less than 4 subframes before the AUL subframe in which the UE MAC has selected HARQ ID X, in order to prevent SUL and AUL collision, the SUL grant with HARQ ID X after n-3 shall be ignored. The reason of using 4 subframes as a limit for using SUL over AUL is due to the fact UE will start assembling a MAC PDU 4 subframes before the time of transmission. If UE receives a SUL for the same HARQ process as the AUL less than 4 subframes before, the UE will have abandoned the MAC PDU generation for the AUL transmission. This complicates the UE implementation. Restarting the Timer X with the SUL grant for new transmission does not solve the problem. Hence it is proposed as guiding principle for AUL new transmission:
For AUL new transmission, SUL grant shall take precedence over AUL only if the SUL grant for a HARQ process is received 4 or more subframes before the AUL subframe.
Proposal 4: For new transmission, SUL grant shall take precedence over AUL only if the SUL grant for a HARQ process is received 4 or more subframes before the AUL subframe. Otherwise the SUL grant is discarded by the UE.
Conclusions
We have the following proposals:
Proposal 1: If a SUL is to be used by the UE for a AUL retransmission, the SUL  grant with DCI indicating same HARQ process ID, same TBS, and NDI non-toggled must be received before timer X expires, or in the same subframe of the HARQ NACK feedback for the AUL (re)transmission. Otherwise (including TBS mismatch, NDI toggled), the SUL DCI (indicating the same HARQ process ID as the AUL retransmission) will be discarded
Proposal 2: For the TBS mismatch case (during the Timer X running), the SUL corresponding to the same HARQ process ID as the AUL (re)transmission) will be discarded.
Proposal 3: In the case the Timer X expiry and a SUL corresponding to the same HARQ process ID as the AUL (re)transmission is received, the UE should discard the SUL grant like the TBS mismatch case. 
[bookmark: _GoBack]Proposal 4: For new transmission, SUL grant shall take precedence over AUL only if the SUL grant for a HARQ process is received 4 or more subframes before the AUL subframe. Otherwise the SUL grant is discarded by the UE.
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