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1. Introduction

In RAN1#92bis meeting [1], we made following agreements related to frame structure and HARQ operation for NR unlicensed (NR-U) operation.

	Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 

· Additional starting positions and durations are not precluded

· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz

· Study performance difference between different SCS

· Study if changes to UL design are needed to meet the PSD and OCB requirements

· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 

· Impact on MIB and SIB1 content 

· Need for use of ECP for 60KHz

· RACH design with 60KHz SCS in addition to options currently part of NR

· Other considerations are not precluded. 

· Impact on support of different BWs with different SCS

· Study supporting more than one switching points within a TxOP

· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

Agreement:
· Study possible enhancements for HARQ operation 


In this contribution, we discuss scheduling/HARQ aspects for NR-U operation.
2. Support of multiple starting/ending positions
Based on flexible frame structure for NR, DL/UL transmission burst can start from the instance when channel access procedure (CAP) has succeeded and finish at the middle of a slot, as depicted in Figure 1. For this operation, UE needs to try to detect PDCCH in every possible PDCCH occasion in every slot. To reduce UE’s decoding complexity and battery consumption, UE’s PDCCH monitoring occasion may be restricted depending on the detection status of transmission burst. As shown in Figure 1, UE may perform symbol-level PDCCH monitoring before DL transmission burst is detected and for the first slot of the detected DL transmission burst and UE may perform slot-level PDCCH monitoring after the first slot of detected DL transmission burst. Alternatively, PDCCH monitoring periodicity can be dynamically indicated in each transmission burst. In addition, in order help efficient recovery of partial data transmission due to channel access failure, we may need to introduce an adequate coded bits to resource mapping (e.g., by aligning symbol boundary and CBG). Similar approaches may be also considered for uplink transmission.
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Figure 1. Example of transmission burst and PDCCH monitoring occasions
Proposal #1: Support multiple starting/ending positions for DL/UL transmission burst with consideration of reducing gNB/UE implementation complexity.
3. HARQ procedure
Efficient transmission of HARQ-ACK should be supported considering CAP. As shown in Figure 2, gNB can instruct a UE not to transmit HARQ-ACK feedback immediately for some DL data receptions, and then at a proper timing, it can poll the UE to report aggregated HARQ-ACK feedback on the multiple DL data receptions. As shown in Figure 3, HARQ-ACK transmission can be postponed to the next slot if CAP fails and the corresponding HARQ-ACK bundling window also can be shifted to the next slot.
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Figure 2. Polling based HARQ-ACK feedback
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Figure 3. HARQ-ACK transmission with moving window
Proposal #2: Consider following schemes for enhanced HARQ-ACK transmission to compensate channel access failure in unlicensed band.
·  Polling based aggregated HARQ-ACK feedback
·  Moving bundling window based HARQ-ACK feedback
4. Conclusion
In this contribution, we provided our views on scheduling/HARQ for NR unlicensed operation, and proposals are as follows.
Proposal #1: Support multiple starting/ending positions for DL/UL transmission burst with consideration of reducing gNB/UE implementation complexity.

Proposal #2: Consider following schemes for enhanced HARQ-ACK transmission to compensate channel access failure in unlicensed band.

·  Polling based aggregated HARQ-ACK feedback
·  Moving bundling window based HARQ-ACK feedback
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