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1 Introduction
In RAN1 #91 meeting [1], the basic HARQ operation principles for autonomous UL (AUL) access were discussed and it was agreed that: 
Agreement:

HARQ-ACK AUL-DFI for a PUSCH transmitted at subframe n is expected at earliest at subframe n+4. 

Agreement:

AUL-DFI does not include a field indicating MCS

Agreement:

For a AUL-DFI received in subframe n,   

· PMI  (if included in AUL-DFI) in subframe n is applied after subframe n+3 

· TPC in AUL-DFI in subframe n is applied in the same way as if it had been received through DCI format 3/3A

Agreement:

Default HARQ-ACK value in AUL-DFI is NACK.

Note: after the eNB has reported an ACK/NACK for a given HARQ process once, the HARQ-ACK is set again to the default value, NACK.

Agreement:

AUL-DFI only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.

Agreement:

AUL retransmission timer is RRC configured.

In this contribution, we discuss the remaining issues related with HARQ operation for the AUL, including the design of AUL-DFI, the design of AUL-UCI, and the HARQ schemes for AUL.
2 Design of AUL-DFI
It has been agreed to include HARQ ID, NDI, RV, and TPC in AUL-DFI, and MCS is not included. Different from MCS, the PMI may vary faster. On the other hand, the out-of-date PMI due to miss detection of AUL-DFI may harm the performance of AUL reception but this may not definitely mean the error detection of AUL PUSCH like the case of out-of-date MCS. Therefore, the PMI for the AUL could be included in AUL-DFI for dynamic indication.
Proposal 1: PMI could be included in AUL-DFI with format 4A.
3 Design of AUL-UCI
Content of AUL-UCI

Besides HARQ related information, the remaining MCOT information could also be included in the AUL-UCI as mentioned in our companion contribution [2]. E.g., 3 bits could be included in AUL-UCI in a countdown manner as the increasing of the subframe index to indicate the remaining COT for transmitting DL. The eNB can also use the remaining COT to determine the last subframe of the AUL burst for correct rate matching if the last symbol of the last subframe is dropped for channel sensing.
The eNB can distinguish different AUL UEs configured on the same resources by different DMRS sequences. However, given that the available DMRS sequences are limited, the UE ID shall be included in AUL-UCI for further distinguishing if a large number of UEs are statistically multiplexed on the same resources. C-RNTI can be used to scramble the CRC of AUL-UCI to save the overhead of AUL-UCI, but this increases the eNB complexity on decoding AUL-UCI, since the eNB has to use multiple hypothesis corresponding to C-RNTI of different UEs to blind decode AUL-UCI. Alternatively, the UE ID can be explicitly included in the content of AUL-UCI, and the CRC of the AUL-UCI is cell common to avoid eNB blind decoding.
Considering the UE may fail to send aperiodic CSI on S-UL due to LBT failure, allowing the AUL PUSCH to piggyback aperiodic CSI can help to the accuracy of the link adaptation. To avoid eNB blind detection based on two hypothesis on the length of UCI bits, the aperiodic CSI and the AUL-UCI should be separately encoded. The AUL subframe carrying the aperiodic CSI can be decided by the UE, and the presence of aperiodic CSI on the AUL PUSCH can be indicated in the AUL-UCI of the same subframe. E.g., 1 bit in AUL-UCI where ‘1’ means the presence of aperiodic CSI and ‘0’ means the absence of aperiodic CSI. 
Proposal 2: Remaining UL MCOT, UE ID, and aperiodic CSI presence indication can be included in AUL-UCI.

· The UE ID should be explicitly included in the content of AUL-UCI.
· The AUL-UCI should be separately encoded with aperiodic CSI if present.
Physical layer mapping of AUL-UCI

The mapping of AUL-UCI could reuse the resource mapping method of the CQI/PMI on PUSCH for the legacy system, i.e. the AUL-UCI is separately encoded with UL-SCH and rate matched around data. Therefore, the eNB could first decode the AUL-UCI on the configured AUL resources and start to decode PUSCH after obtaining the UE ID and HARQ information from AUL-UCI. The AUL-UCI sequences should be followed by the UL-SCH sequences before channel interleaving.
In addition, if the aperiodic CSI is present on the AUL PUSCH, the CQI/PMI should be concatenated between AUL-UCI and UL-SCH as shown in Figure 1, and the RI should be at the bottom of the frequency resources and close to DMRS as legacy. Similarly, the eNB can obtain the physical resources of aperiodic CSI after decoding AUL-UCI.
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Figure 1. Mapping of AUL-UCI and aperiodic CSI on AUL PUSCH

For legacy LTE system, the scrambling for PUSCH before modulation is UE-specific. If UE-specific scrambling is reused for the AUL PUSCH, the eNB has to use multiple hypothesis corresponding to RNTI of different UEs for de-scrambling before decoding AUL-UCI. To avoid increased eNB complexity, the AUL PUSCH should use cell-specific scrambling instead of UE-specific scrambling. This may lead to performance loss due to multi-user interference, but considering it is not likely for the eNB to enable MU-MIMO transmission for two AUL UEs which may have different UE-specific starting positions, the impact of changing UE-specific scrambling to cell-specific scrambling is negligible.
Proposal 3: The mapping of AUL-UCI could follow the legacy CQI/PMI mapping rule, i.e., the AUL-UCI is separately encoded with UL-SCH and concatenated with data before channel interleaving.

· If aperiodic CSI is transmitted together with AUL-UCI, the CQI/PMI sequences are concatenated between AUL-UCI sequences and UL-SCH sequences, and the RI bits are mapped as legacy.
Proposal 4: To avoid eNB blind detection based on multiple hypothesis of PUSCH scrambler, AUL PUSCH should be scrambled with a cell-specific RNTI.
4 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.
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 AUL-UCI should be toggled as compared to that for a previous S-UL if the associated AUL PUSCH is an initial transmission, and the NDI in UL grant should be toggled as compared to that reported in the previous AUL-UCI to schedule an initial S-UL transmission. 
Proposal 5: The NDI reported in AUL-UCI should be toggled as compared to that for the previous S-UL if the associated AUL PUSCH is an initial transmission. The NDI in UL grant should be toggled as compared to that reported in the previous AUL-UCI to schedule an initial S-UL transmission.
In addition, the eNB may miss detect the AUL PUSCH and send 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, one candidate solution is to ignore the UL grant. 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 PUSCH soon after the scheduled S-UL subframe. The eNB could realize such error case and will stop sending a next UL grant after receiving this AUL retransmission since in principle the AUL is not supposed to happen until the S-UL has been ACKed. This solution is beneficial in performance and has less impact on specification since the UL skipping has been supported in R14.
Another solution is to flush the packet in buffer and generate a new packet as an initial transmission. But this leads to higher layer retransmission and therefore causes a large latency and performance loss of UPT. 
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Figure 2. Retransmission with mismatched TBS
Proposal 6: 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.
Retransmission in AUL manner
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.
5 Conclusions
This contribution discusses the remaining details related with HARQ operation for the AUL, including the design of AUL-DFI, the design of AUL-UCI, and the HARQ schemes for AUL. Based on the discussions, we have the following proposals:
Proposal 1: PMI could be included in AUL-DFI with format 4A.
Proposal 2: Remaining UL MCOT, UE ID, and aperiodic CSI presence indication can be included in AUL-UCI.

· The UE ID should be explicitly included in the content of AUL-UCI.
· The AUL-UCI should be separately encoded with aperiodic CSI if present.
Proposal 3: The mapping of AUL-UCI could follow the legacy CQI/PMI mapping rule, i.e., the AUL-UCI is separately encoded with UL-SCH and concatenated with data before channel interleaving.

· If aperiodic CSI is transmitted together with AUL-UCI, the CQI/PMI sequences are concatenated between AUL-UCI sequences and UL-SCH sequences, and the RI bits are mapped as legacy.
Proposal 4: To avoid eNB blind detection based on multiple hypothesis of PUSCH scrambler, AUL PUSCH should be scrambled with a cell-specific RNTI.

Proposal 5: The NDI reported in AUL-UCI should be toggled as compared to that for the previous S-UL if the associated AUL PUSCH is an initial transmission. The NDI in UL grant should be toggled as compared to that reported in the previous AUL-UCI to schedule an initial S-UL transmission.
Proposal 6: 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 7: The timer for autonomous retransmission can be RRC configured.
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