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1 Introduction
In RAN1 #90 meeting [1], the basic HARQ operation principles for autonomous UL (AUL) access were discussed and it was agreed that: 
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
Working assumption:
· Both scheduled and autonomous retransmission are supported for AUL transmissions.
In this contribution, we discuss issues related with HARQ operation for the autonomous UL (AUL) transmission, including the detection of AUL transmission, link adaptation for the AUL transmission, HARQ schemes for AUL, and enhanced UL control channel for the AUL transmission.
2 AUL UE detection
Configuring different DMRS sequences, e.g., cyclic shift and/or OCC for the AUL UEs which are allocated with the same AUL resources could be considered as a starting point to let the eNB recognize the AUL UEs. The DMRS sequence for per UE could be allocated via RRC signaling or SPS activation/reactivation DCI, and the eNB could recognize the UE by detecting the DMRS on the AUL resources.
However, the number of UEs sharing the same resources is limited by the maximum number of orthogonal DMRS sequences. In addition, the available DMRS sequences for differentiating UEs would be further reduced if the cyclic shift offset is set to be larger than 1, or more than one layer is configured for per UE. One candidate solution is to adopt IFDMA based DMRS which has been introduced for eFD-MIMO and latency reduction [2]. Different AUL UEs sharing the same resources could be configured with orthogonal DMRS combs for further differentiation. Another alternative is to allow the UE to report the UE ID to the eNB together with the AUL PUSCH so that the eNB could allocate the same DMRS to multiple UEs and recognize the UE by decoding the UE ID. How to report this UE ID could be further study, e.g., this UE ID could be included in AUL PUSCH for scrambling the CRC, or a new UL control channel could be introduced to include this UE ID.
Proposal 1: Configuring different DMRS sequences for multiple AUL UEs allocated on shared resources can be considered as the starting point for AUL UE recognition.
Proposal 2: It could be considered to adopt IFDMA based DMRS or allow the AUL UE to report the UE ID for further UE differentiation.
3 AUL link adaptation

The eNB and the UE have to keep the same understanding with the link adaptation information, including the HARQ information (HARQ ID, NDI, RV), MCS, TPC, PMI, etc. For schedule based UL (S-UL) transmission, these link adaptation information is indicated in UL grant. For AUL transmission, how to align the understanding of the link adaptation information should be discussed.
MCS, TPC, and PMI
As compared to S-UL, there is no dynamic UL grant for indicating the MCS, TPC, and PMI information to the AUL UE. Therefore, it could be considered as a starting point that the MCS, TPC, and PMI is informed to the AUL UE in a semi-static manner via RRC signaling or SPS activation/reactivation DCI. 
In addition, to support dynamic TPC update, shared TPC could be applied for AUL and S-UL, i.e., the TPC adjustment in UL grant for a previous S-UL PUSCH could also be applied for AUL. On the other hand, it is not likely to allow the MCS indication via UL grant for a previous S-UL PUSCH, since UL grant missing may lead to mismatched MCS between eNB and UE, which causes decoding error for all subsequent AUL PUSCHs. Whether and how to support updating PMI via dynamic signaling could be further studied.
Proposal 3: The MCS, TPC, and PMI informed to the AUL UE via RRC signaling or SPS activation/reactivation DCI could be supported.
· Updating MCS, TPC, and PMI via dynamic signaling could be FFS.
HARQ ID
To enable a contiguous AUL burst transmission, more than one HARQ IDs are required for per UE. Thus how to let the eNB obtain the HARQ ID utilized for an AUL PUSCH needs to be discussed. 
Linking the HARQ ID with the subframe index is low efficiency for HARQ ID utilization on unlicensed spectrum where the subframe is occupied based on LBT success. It is more flexible to allow the UE to autonomously select the unused HARQ ID in an asynchronous manner, and report the selected HARQ ID to the eNB. How to report this HARQ ID could be further study, e.g., it could be reported in the newly introduced UL control channel as mentioned in the previous section. 
Proposal 4: Support asynchronous HARQ for AUL, i.e., allow the UE to autonomously select the HARQ ID and report to the eNB.
4 UL control channel

As discussed in previous sections, it could be considered to introduce a new UL control channel to report some critical information for AUL PUSCH, possibly including UE ID, HARQ related information (e.g., HARQ ID, NDI, and RV). In addition, the remaining MCOT information could also be included in this UL control channel as mentioned in our companion contribution [3]. 

The UL control channel could be transmitted along with AUL PUSCH. The eNB could blind decode the UL control channel on the allocated AUL resources and start to decode PUSCH after the above UL control information is received. The new UL control channel could be independently encoded with the AUL PUSCH so that the eNB could make a fast decoding for the UL control information. The physical resources of the newly introduced UL control channel could be further studied. E.g., it could reuse the resource mapping method of the CSI on PUSCH for the legacy system. 
Proposal 5: It could be considered to introduce a new UL control channel along with AUL PUSCH to report some critical information for the AUL PUSCH, including e.g., UE ID and HARQ related information.
5 HARQ schemes for AUL
After transmitting an AUL transmission, the UE needs to receive the HARQ-ACK status of the AUL and perform the initial transmission or retransmission depending on the HARQ-ACK. An advantage of AUL is increased UL channel access opportunity. The UE is only allowed to transmit on scheduled PUSCH for S-UL, while for AUL the available AUL subframes could be configured in a much denser pattern e.g. with period of 1ms. Thus if the UE misses the UL transmission opportunity due to LBT failure, it may need to wait a long time for the next scheduled transmission under the S-UL operation, but for AUL the UE could continue the LBT for subsequent AUL subframes and access the channel as soon as LBT finishes. Therefore, allowing retransmission in an AUL manner could also be considered to improve the efficiency of channel occupancy. In addition, when the eNB miss detects the initial AUL PUSCH, then the HARQ ID will never be scheduled and the packet will be discarded if AUL retransmission is not supported. 
Therefore, it is proposed to confirm the working assumption to support both scheduled and autonomous retransmission for AUL initial transmission.
Proposal 6: Confirm the working assumption that both scheduled and autonomous retransmission are supported for AUL transmissions.
In addition, some further issues will be discussed for the HARQ schemes for AUL transmission.
5.1 Retransmission in S-UL manner
The eNB could switch the AUL to the S-UL, i.e., the eNB could use dynamic UL grant to schedule an initial transmission if the previous AUL PUSCH of the same HARQ ID is correctly decoded, and schedule the retransmission if the previous AUL PUSCH of that HARQ ID is incorrectly decoded. The HARQ ID pool configured for AUL could be the same set or a subset of the HARQ ID pool for S-UL. Different from SPS mechanism for which the dynamic UL grant always schedules initial transmission regardless of the NDI value, the differentiation of the initial transmission and retransmission for AUL could be NDI based, i.e., the UE could report the NDI for AUL PUSCH, and compare the NDI in UL grant with the reported NDI. E.g., the S-UL is scheduled as an initial transmission if the NDI in dynamic UL grant is toggled compared with reported NDI for AUL, and the S-UL is scheduled as a retransmission if the NDI in dynamic UL grant is non-toggled. 
In addition, the eNB may miss detect the AUL PUSCH and sends a UL grant to schedule the same HARQ ID as an initial transmission. Thus from UE perspective this dynamic UL grant is actually a retransmission since the NDI is non-toggled as compared to the reported NDI for the AUL PUSCH. In this case the UE may not be able to transmit the retransmission as the TBS of the AUL PUSCH and the TBS indicated by the UL grant may probably be different. Therefore, from the UE perspective, when it receives a UL grant scheduling retransmission for an AUL, it will transmit S-UL following the UL grant only if the UL grant is indicating the same TBS with the AUL initial transmission. If the UL grant is indicating a different TBS, the UL grant will be ignored.
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Figure 1. NDI toggle/non-toggle for differentiating initial transmission/retrasnsmission

Proposal 7: If the AUL is switched to S-UL, the UE could differentiate whether the S-UL is initial transmission or retransmission by comparing the NDI in dynamic UL grant and the NDI reported for AUL PUSCH.

· If the UL grant scheduling retransmission for AUL indicates a different TBS from that of the AUL, the UL grant will be ignored.
5.2 Retransmission in AUL manner
To support initial transmission/ retransmission in AUL manner, the HARQ-ACK for AUL could be indicated in DL control information which does not include scheduling information. One candidate method is to introduce enhanced PHICH indicating the HARQ-ACK for the unlicensed Scell. However, it is large overhead to transmit PHICH on each subframe like the legacy LTE especially under the case that the channel of the unlicensed Scell is not always occupied due to channel access rules. In addition, the PHICH is less robust compared to DCI as no CRC is included. Moreover, considering that PHICH is not UE specific, it may lead to ambiguity when two AUL UEs collides on the same resources, e.g., if one of them is correctly received by eNB and ACK is indicated in PHICH, then the other UE will misunderstood the decoding failure as ACK. Alternatively, a new DCI, namely autonomous DCI (A-DCI) in PDCCH could be introduced which includes multiple HARQ-ACK bits, e.g., each of which corresponding to a HARQ ID used for AUL. In addition, the RV could also be considered to be reported by the AUL UE for combination if the AUL could be used for retransmission.
Considering the case of miss detection, the HARQ-ACK bit of the A-DCI bitmap should be reset to NACK once the valid HARQ-ACK for AUL PUSCH has been transmitted, i.e., the default value for per HARQ ID in A-DCI should be NACK as shown in Figure 2.
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Figure 2. The default HARQ-ACK value of the A-DCI is NACK
Proposal 8: To support retransmission in AUL manner, a new DCI, namely autonomous DCI (A-DCI) could be introduced which includes a bitmap of HARQ-ACK values for all AUL HARQ IDs.
· The default HARQ-ACK value in A-DCI is NACK.

5.3 Autonomous retransmission in case of no UL grant or A-DCI reception
In addition, the UE may not receive any indication of HARQ-ACK for AUL due to the case that the eNB miss-detects the AUL transmission, or the eNB blocked by other contention nodes could not access the channel for transmitting HARQ-ACK. Therefore, autonomous retransmission could also be considered, where the UE could determine by itself to retransmit in an AUL manner if no indication of HARQ-ACK after the AUL transmission. E.g., the autonomous retransmission can be performed after a predefined time window within which no HARQ-ACK is received. 
Proposal 9: Considering the case of AUL miss detection, it could also be considered to support autonomous retransmission in an AUL manner if no dynamic UL grant or A-DCI is received.
6 Conclusions
In this contribution, we discussed the HARQ related issues for the AUL transmission, including the detection of AUL transmission, AUL link adaptation, HARQ schemes for AUL, and newly introduced UL control channel for the AUL. Based on the discussions, we have the following proposals:
Proposal 1: Configuring different DMRS sequences for multiple AUL UEs allocated on shared resources can be considered as the starting point for AUL UE recognition.

Proposal 2: It could be considered to adopt IFDMA based DMRS or allow the AUL UE to report the UE ID for further UE differentiation.
Proposal 3: The MCS, TPC, and PMI informed to the AUL UE via RRC signaling or SPS activation/reactivation DCI could be supported.
· Updating MCS, TPC, and PMI via dynamic signaling could be FFS.
Proposal 4: Support asynchronous HARQ for AUL, i.e., allow the UE to autonomously select the HARQ ID and report to the eNB.
Proposal 5: It could be considered to introduce a new UL control channel along with AUL PUSCH to report some critical information for the AUL PUSCH, including e.g., UE ID and HARQ related information.
Proposal 6: Confirm the working assumption that both scheduled and autonomous retransmission are supported for AUL transmissions.
Proposal 7: If the AUL is switched to S-UL, the UE could differentiate whether the S-UL is initial transmission or retransmission by comparing the NDI in dynamic UL grant and the NDI reported for AUL PUSCH.

· If the UL grant scheduling retransmission for AUL indicates a different TBS from that of the AUL, the UL grant will be ignored.
Proposal 8: To support retransmission in AUL manner, a new DCI, namely autonomous DCI (A-DCI) could be introduced which includes a bitmap of HARQ-ACK values for all AUL HARQ IDs.
· The default HARQ-ACK value in A-DCI is NACK.

Proposal 9: Considering the case of AUL miss detection, it could also be considered to support autonomous retransmission in an AUL manner if no dynamic UL grant or A-DCI is received.
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