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1 Introduction
In RAN1 #90bis meeting [1], the basic HARQ operation principles for autonomous UL (AUL) access were discussed and it was agreed that: 
Agreement:

· Only Asynchronous HARQ is supported for AUL
Agreement:

· Asynchronous AUL HARQ feedback and retransmissions are supported for AUL transmissions.
· Timing relationship between AUL transmission and corresponding UL HARQ feedback is not fixed 
· Timing relationship between UL HARQ feedback and corresponding retransmission  is not fixed.
· NOTE : UE does not expect HARQ feedback earlier than 4 subframes after the corresponding AUL transmission 

Agreement:

· AUL downlink feedback information ("AUL-DFI") is specified to carry at least AUL HARQ feedback
· Bitmap with one HARQ-ACK-bit for each AUL-configured HARQ process per TB (FFS: whether spatial bundling is used)
· The HARQ feedback includes pending feedback for several uplink transmissions from the same UE.

· RV are not included in the AUL-DFI
· Align size of DFI with e.g. DCI 0A, or DCI 1C (FFS)
· Support transmission of AUL-DFI on unlicensed cell as well as any other scheduling cell
· AUL-DFI shall contain HARQ-ACK feedback for SUL transmissions using AUL-enabled HARQ IDs
· AUL is not allowed for SUL retransmission

· AUL-DFI includes a field indicating TPC for PUSCH (2 bits), applicable for both AUL and SUL transmissions

· e.g. applied similarly as TPC in DCI 3/3A in terms of timing

· FFS: RNTI for AUL-DFI
Agreement:

· Any HARQ process that is transmitted by SUL is not eligible for AUL retransmissions
· Applies to SUL first transmissions as well as for scheduled retransmissions of an earlier AUL transmissions of the same TB
· UE may only use such a HARQ process for AUL if the corresponding AUL-DFI indicated ACK
Agreement:

· 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
Agreement:

· UE determines the HARQ process ID, NDI and RV for Autonomous UL transmissions.
· FFS RV sequence followed by the UE

Agreement:

· New UCI for AUL operation: 

· includes at least: HARQ ID, new data indicator, and redundancy version.

· FFS: CRC attachment and scrambling
· FFS: indication of UE specific ID

· is transmitted together with every PUSCH in AUL transmission.

In this contribution, we discuss the remaining issues related with HARQ operation for the AUL transmission, including the detection of AUL transmission, link adaptation for the AUL transmission, HARQ schemes for AUL, and the new UCI 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 AUL 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 reported by scrambling the CRC of the new UCI, namely Autonomous-UCI (A-UCI).
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.
· The DMRS can be configured by activation/reactivation DCI.
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 HARQ related information, it has been agreed to let the UE to report the HARQ ID, NDI and RV in A-UCI and let the eNB to indicate the UL HARQ-ACKs in AUL-DFI. TPC is also included in AUL-DFI to support dynamic power control. MCS and PMI for AUL are discussed as follows.
As the activation/reactivation DCI could reuse a legacy DCI format which already includes the MCS and PMI fields, it could be considered as a natural way to update the MCS and PMI via AUL activation/reactivation DCI. Though basically the activation/reactivation DCI is semi-static, the eNB could, based on its implementation, send more dynamic reactivation DCI to update the MCS and/or PMI if the channel status varies fast. 
Including MCS in AUL-DFI may lead to additional overhead and additional MAC CE procedure as a response to AUL-DFI. If MAC CE is not used for confirmation, the UE will use the out-of-date MCS if it misses the AUL-DFI, which will lead to error detection for the following AUL PUSCHs. On the other hand, if MCS is updated at the UE side and reported in A-UCI, it is not feasible for the eNB to decode A-UCI if it follows the legacy CQI mapping rule because MCS for A-UCI is calculated by the MCS of PUSCH, thus the MCS of A-UCI is also changed if the MCS of PUSCH is updated.
Different from MCS, the PMI may vary faster. Therefore, the PMI for the AUL could be included in AUL-DFI for dynamic indication. On the other hand, the out-of-date PMI due to miss detection of AUL-DFI may harm the performance of AUL reception but this may not definitely mean the error detection of AUL PUSCH like the case of out-of-date MCS.
Proposal 3: The MCS and PMI is indicated via AUL activation/reactivation DCI.
· It is not suggested to include MCS in AUL-DFI and/or A-UCI.
· PMI could be included in AUL-DFI.
4 Design of A-UCI
Besides HARQ related information, the remaining MCOT information could also be included in the A-UCI as mentioned in our companion contribution [3]. The mapping of A-UCI could reuse the resource mapping method of the CQI on PUSCH for the legacy system, i.e. the A-UCI is separately encoded with AUL PUSCH and rate matched around data. Therefore, the eNB could blind decode the A-UCI on the allocated AUL resources and start to decode PUSCH after the above UL control information is received.
Proposal 4: The mapping of A-UCI can follow the legacy CQI mapping rule, i.e., the A-UCI is separately encoded with AUL PUSCH and rate matched around data.
5 HARQ schemes for AUL
It has been agreed that the retransmission for AUL could be in S-UL manner or in AUL manner. Some further details are discussed as follows.
5.1 Retransmission in S-UL manner
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. Accordingly, the NDI reported in A-UCI should be toggled as compared to that for a previous S-UL if it has been ACKed.
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. The UE is not able to push the data back from MAC buffer and re-packet as per current MAC procedure. 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 should be ignored. After receiving this mismatched UL grant, the UE could understand that the previous AUL was missed by the eNB and therefore perform the retransmission using an AUL manner. The eNB could realize such error case after receiving this AUL retransmission since in principle the AUL is not supposed to happen until the S-UL has been ACKed.
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Figure 1. Retransmission with mismatched TBS
Proposal 5: If the UL grant scheduling retransmission for AUL PUSCH indicates a different TBS from that of the AUL PUSCH, the UL grant should be ignored.
5.2 Retransmission in AUL manner
The AUL-DFI in PDCCH has be introduced to include multiple HARQ-ACK bits each of which corresponding to a HARQ ID used for AUL. The AUL-DFI could reuse a legacy DCI format, e.g., DCI format 0A if large payload is carried, or DCI 1C if small payload is carried. To distinguish the AUL-DFI with that DCI, a different RNTI, e.g. AUL C-RNTI could be introduced for scrambling.
Considering the case of miss detection, the HARQ-ACK bit of the AUL-DFI 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 AUL-DFI should be NACK as shown in Figure 2, which means the eNB should reset the HARQ-ACK value of a corresponding AUL HARQ ID to NACK once it has reported the AUL-DFI for that detected HARQ ID.
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Figure 2. The default HARQ-ACK value of the AUL-DFI is NACK
Proposal 6: The default HARQ-ACK value in AUL-DFI is NACK.

For autonomous retransmission with no UL grant or AUL-DFI reception, the retransmission timer X could be RRC configured to be flexible. E.g., the timer X could be chosen from {10, 20, 30, 40} ms. 
Proposal 7: The timer for autonomous retransmission can be RRC configured.
6 Conclusions
This contribution discusses the remaining issues related with HARQ operation for the AUL transmission, including the detection of AUL transmission, link adaptation for the AUL transmission, HARQ schemes for AUL, and the A-UCI for the AUL transmission. 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.

· The DMRS can be configured by activation/reactivation DCI.
Proposal 2: It can 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 and PMI is indicated via AUL activation/reactivation DCI.
· It is not suggested to include MCS in AUL-DFI and/or A-UCI.
· PMI could be included in AUL-DFI.
Proposal 4: The mapping of A-UCI could follow the legacy CQI mapping rule, i.e., the A-UCI is separately encoded with AUL PUSCH and rate matched around data.
Proposal 5: If the UL grant scheduling retransmission for AUL PUSCH indicates a different TBS from that of the AUL PUSCH, the UL grant should be ignored.
Proposal 6: The default HARQ-ACK value in AUL-DFI is NACK.

Proposal 7: The timer for autonomous retransmission can be RRC configured.
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