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1. Introduction

In RAN1#93 meeting [1], following agreements were made related to HARQ procedure for NR unlicensed (NR-U) operation.

	Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial

· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required

· Mechanisms to support this need to be identified

· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted

· Mechanisms to support this need to be identified

Agreement:

· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial

· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities

Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified

· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes

Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 

· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U


In this contribution, we discuss and provide our view on the scheduling and HARQ aspects/procedure for NR-U operation.
2. Discussions
For the scheduling and HARQ operation in NR-U, the following aspects and procedure are to be supported with consideration of UE/gNB operation in unlicensed band based on channel access procedure (CAP) and channel occupancy time (COT).

· Basic scheduling/HARQ operation

In NR, dynamic scheduling/HARQ timing (e.g. K1 for the HARQ-ACK corresponding to PDSCH, K2 for the PUSCH corresponding to UL grant DCI) is supported based on the indication via DL/UL grant DCI. In NR-U, it is necessary to consider the dynamic HARQ timing combined with COT composition and CAP operation (e.g. LBT type). For example, for the case where PDSCH and the corresponding HARQ-ACK are transmitted in a same COT, it could be proper to apply 1) smaller K1 values, 2) LBT without back-off, 3) single TX starting symbol for the HARQ-ACK transmission. For another example, for the case where PDSCH and the corresponding HARQ-ACK are transmitted over different COTs, it could be proper to apply 1) larger K1 values, 2) back-off based LBT, 3) multiple candidate TX starting symbols/slots for the HARQ-ACK transmission. Besides, PUCCH format/resource (set) for the HARQ-ACK transmission could be configured separately between the above two cases.
Proposal #1: Consider differentiation on dynamic HARQ timing, CAP operation (e.g. LBT type), and candidate TX starting symbol(s) according to the relationship between COT structure and HARQ related transmission based on the COT in NR-U.

· Multi-TTI scheduling for PUSCH

In LTE eLAA, multi-TTI scheduling for PUSCH (by using a single UL grant DCI) was introduced with motivation of having several benefits in unlicensed band operation. In NR-U, it is necessary to design the multi-TTI scheduling for PUSCH in NR context, with consideration of flexible starting/duration and various DMRS pattern for PUSCH transmission. Specifically, it needs to be considered how to determine the starting/duration of PUSCH and the DMRS pattern (symbols) for PUSCH in each of multiple scheduled slots, for example, Opt 1) same for all the slots (based on the indicated SLIV or mapping type/DMRS info.) or Opt 2) different between starting/ending (partial) slot and other (full) slots (or dynamic switching between two options and/or joint indication for different (partial/full) slot types). In addition, CBG based retransmission can also be considered for the case of multi-TTI scheduling for PUSCH (for example, by applying one CBGTI field only to one (e.g. first) or all of multiple scheduled slots). Note that, for the other parameters such as frequency RA, MCS/TBS, NDI/RV, HARQ process ID, and the number of TBs, the DCI structure/signalling designed in LTE eLAA could almost completely be inherited. 
Proposal #2: Consider flexible starting/duration and various DMRS pattern (symbol) for PUSCH transmission in design of multi-TTI scheduling for PUSCH by using a single UL grant in NR-U.

· Data mapping and retransmission

In NR-U, similarly with LTE eLAA, it is needed to support multiple candidate starting symbols for a transmission with consideration of CAP failure for resource efficiency. Here, since earlier portion (e.g. lower symbol index or CB(G) index) of the scheduled data channel would be punctured due to CAP failure and retransmitted frequently (compared to other portion), it may need to consider the proper data mapping and retransmission for NR-U. For example, it can be considered to change the mapping order of CB(G) index per each of transmissions (e.g. mirroring or cycling), and/or to apply the distributed mapping in frequency domain considering the interleaved RA type in UL (e.g. UCI-like mapping over all the PRBs or per each of PRBs). For another example, it can be considered to construct CBG having uneven number of CBs (e.g. less CBs in lower CBG index, more CBs in higher CBG index), and/or to indicate retransmission of either whole TB or earlier portion by the gNB (and HARQ-ACK is reported correspondingly by the UE). 
Proposal #3: Consider proper data mapping and retransmission structure for CAP operation based on multiple candidate TX starting symbols in NR-U.

· HARQ-ACK feedback mechanism

In NR-U, the COT would dynamically/differently be composed based on CAP, and according to the COT structure, HARQ-ACK feedback type for PDSCH scheduling, in terms of HARQ-ACK codebook (size) and the corresponding PUCCH transmission timing/resource, could be different. In some cases, for a same UE, all of the HARQ-ACK(s) corresponding to the PDSCH(s) scheduled/transmitted in a COT can be transmitted in the same COT (based on “immediate” feedback of HARQ-ACK). In other cases, on the other hand, (some or all of) the HARQ-ACK(s) corresponding to the PDSCH(s) scheduled/transmitted in a COT is indicated (by the gNB) to be delayed (for certain time duration), then to be transmitted in different COT (based on “pending & pooling” for HARQ-ACK), with consideration of HARQ processing time (for the UE) and UL resource efficiency (for the gNB). Hence, since COT composition and HARQ-ACK feedback type according to the COT structure is dynamically (and differently) determined, correspondingly, it is required to consider dynamic switching (e.g. based on DCI signalling) between “immediate” HARQ-ACK feedback type (e.g. Type-1/2 codebook defined in NR) and “pending/pooling” HARQ-ACK feedback type. 
Proposal #4: Consider both “immediate” HARQ-ACK feedback (e.g. Type-1/2 codebook defined in NR) and “pending/pooling” HARQ-ACK feedback, and dynamic switching between two HARQ-ACK feedback types for dynamic COT and CAP operation in NR-U.

As an example of “pending/pooling” HARQ-ACK type, as shown in Figure 1, gNB can instruct the UE not to transmit HARQ-ACK feedback immediately for some PDSCH receptions, and then at a proper timing, it can instruct the UE to report aggregated HARQ-ACK feedback on the multiple PDSCH receptions. 
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Figure 1. Pooling based HARQ-ACK feedback

Moreover, unlike the LTE eLAA, HARQ-ACK PUCCH transmission would need to be supported in NR-U considering standalone operation. Thus, in order for management of contention window size (CWS) for the HARQ-ACK PUCCH transmission based on CAP operation, the relevant signalling (similarly with NDI for the PUSCH transmission) may need to be considered (e.g. via DL grant DCI and/or the DCI triggering HARQ-ACK feedback).
· Minimum HARQ processing time
In NR, required minimum UE processing time (N1 for processing between PDSCH ending symbol and corresponding HARQ-ACK starting symbol, N2 for processing between PDCCH ending symbol and corresponding PUSCH starting symbol) and related behaviour are defined. In NR-U, considering multiple candidate TX starting symbols of single PUCCH or PUSCH and different starting symbol timing according to CAP, the N1/N2 timeline (based on DL ending symbol and UL starting symbol) need to be checked with consideration of variable UL starting symbol according to the CAP operation (e.g. if the first symbol is not met while the second symbol is met for N1/N2).
Proposal #5: Consider minimum UE HARQ processing timeline according to CAP operation with multiple candidate TX starting symbols in NR-U.

3. Conclusion
In this contribution, we discussed and provided our views on scheduling and HARQ for NR unlicensed band operation, and the followings are proposed.
Proposal #1: Consider differentiation on dynamic HARQ timing, CAP operation (e.g. LBT type), and candidate TX starting symbol(s) according to the relationship between COT structure and HARQ related transmission based on the COT in NR-U.

Proposal #2: Consider flexible starting/duration and various DMRS pattern (symbol) for PUSCH transmission in design of multi-TTI scheduling for PUSCH by using a single UL grant in NR-U.

Proposal #3: Consider proper data mapping and retransmission structure for CAP operation based on multiple candidate TX starting symbols in NR-U.

Proposal #4: Consider both “immediate” HARQ-ACK feedback (e.g. Type-1/2 codebook defined in NR) and “pending/pooling” HARQ-ACK feedback, and dynamic switching between two HARQ-ACK feedback types for dynamic COT and CAP operation in NR-U.

Proposal #5: Consider minimum UE HARQ processing timeline according to CAP operation with multiple candidate TX starting symbols in NR-U.
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