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Introduction
In RAN1#92bis meeting [1], the following agreement was reached:
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT: RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example, receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

Considering above agreement, this contribution addresses the aspects HARQ procedures that gets affected when an NR device operates in an unlicensed band. 
COT Structure and HARQ Procedure 
Due to uncertainty in channel access, transmissions may have to be delayed when the channel is occupied during the operation of an NR-U device. For standalone or dual connectivity deployments, this means the HARQ-ACK transmissions may be delayed when the channel is occupied. Figure 1-a shows an example of shared channel occupancy time (COT) with one DL/UL switch. In this example, the last UL transmission may include PUSCHs which are not acknowledged during the first COT. The gNB, after performing an LBT procedure again, secures a second COT within which HARQ-ACKs for the last PUSCH in the first transmission opportunity may be carried. For this operation, the gNB and the UEs may need to maintain the buffers to keep the corresponding receive/transmit transport blocks. Due to the non-deterministic duration between the two transmission opportunities, there would be additional complexity and ambiguity for the UE and gNB. In an alternative method, the HARQ-ACK transmissions may be included in the same COT, i.e. in a self-contained COT. As shown in Figure 1-b, one or several symbols of the last slot of the transmission opportunity is used to carry acknowledgement. 



[bookmark: _Ref503354749]Figure 1: Example of HARQ-ACK transmission within a transmission opportunity
To enable self-contained transmission, the gNB and UEs need to prepare HARQ-ACK transmissions within a short time. In the case of DL data and UL HARQ-ACK transmissions, the UE may need to process the received DL data and transmit HARQ-ACK feedback within certain duration. To keep the COT transmission self-contained while provides UE enough process time, the last several OFDM symbols in the DL transmission may be carefully planned such that HARQ-ACK transmissions can be included in the COT. 

Proposal 1: Self-contained COT should be studied in standalone and dual connectivity scenarios for NR unlicensed spectrum.

HARQ Procedure for DL/UL Transmissions
Two mechanisms have been defined to allow a UE to perform uplink transmission without grant. Autonomous uplink transmission (AUL) in FeLAA has been under discussion for the latest release [5]. AUL operation is UE specifically RRC configured. A DCI is transmitted for AUL activation and deactivation. An AUL downlink feedback information (AUL-DFI) is specified to carry AUL HARQ feedback. HARQ-ACK bitmap for AUL-configured HARQ process is included in AUL-DFI. The AUL-DFI transmission may be supported on unlicensed band. HARQ ID, NDI and RV may be determined by UE and carried in a UCI and transmitted together with AUL PUSCH.
Configured grant for UL transmission has been discussed in NR. With type 1 configured grant, UL transmission is only based on RRC configuration without L1 signalling. With type 2 configured grant, UL transmission is based on RRC configuration and L1 signalling. With both types, a UE can be configured by UE-specific RRC signalling. The RRC configuration includes MCS table. Moreover, TB repetition for UL configured grant is adopted in NR. The higher layer configured parameters repK and repK-RV are used to define the K repetition transmissions and corresponding RV values. 
For NR unlicensed transmission, UE may need to transmit without grant when the channel is free. It may be difficult for the gNB to predict the channel condition when UE is able to transmit. Thus it is reasonable for UE to determine some transmission parameters such as HARQ ID, RV and NDI. Moreover, the UL transmission from a UE may collide with other transmissions due the nature of unlicensed transmission. In order to protect the GF UL transmission, K repetition transmission should be considered in NR-U.
Also, we note that NR has added new features which may impact on the operation of the HARQ retransmissions. For instance, NR utilizes capacity approaching Low Density Parity Check (LDPC) codes for data channel transmission while LTE utilizes Turbo codes. With the use of LDPC codes, code block groups (CBG) are defined within a transport block. CBG based HARQ-ACK codebook is supported in NR, which enables more flexible and efficient data retransmission in the cost of additional HARQ-ACK information bits.  

Proposal 2: For NR-U operation, the process for AUL acknowledgement defined in FeLAA should be evaluated and updated considering new NR features.
Proposal 3: CBG based HARQ-ACK codebook should be considered for NR unlicensed spectrum.
[bookmark: _GoBack]
Four Redundancy Versions (RVs) are supported for HARQ transmissions in NR (where a subset of the RV set is self-decodable with good performance). In NR, RV sequences {0, 2, 3, 1}, {0, 3, 0, 3} and {0, 0, 0, 0} are possible for UL configured grant transmissions. RV sequence used for configured grant transmission can be determined by higher layer. Data channel transmissions in unlicensed spectrum are more vulnerable to collision or interference due to the nature of contention based transmission. In the worst-case scenario, reception failure due to collision/interference may corrupt transmissions enough to be unusable for HARQ combining. Therefore, self-decodable RVs may be preferred for retransmission. 

Proposal 4: Self-decodable RV sequence should be considered for NR unlicensed spectrum.

Summary
In this contribution, we discussed some details about a few NR procedures that require changes due to operation in unlicensed bands including self-contained HARQ, UL transmissions and acknowledgements, CBG level HARQ-ACK feedback and RV sequence design. In the following, above-discussed proposals are listed:
Proposal 1: Self-contained COT should be studied in standalone and dual connectivity scenarios for NR unlicensed spectrum.
Proposal 2: For NR-U operation, the process for AUL acknowledgement defined in FeLAA should be evaluated and updated considering new NR features.
Proposal 3: CBG based HARQ-ACK codebook should be considered for NR unlicensed spectrum.
Proposal 4: Self-decodable RV sequence should be considered for NR unlicensed spectrum.
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