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1. Introduction 

In RAN1 #93 meeting, regarding UL configured grant for NR-U, following agreements were made [1]:
	Agreement:
· The following modifications to the configured grant procedures are beneficial

· Removing dependencies of HARQ process information to the timing

· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID

· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission

· Increased flexibility on time domain resource allocation for the configured grant transmissions




In this contribution, we provide our views on the enhancement of UL configured grant for NR-U, including HARQ ID determination, increasing flexibility of time/frequency domain resource allocation, UCI mapping for NR-U UL configured grant.
2. Discussion
2.1. HARQ operation and retransmission 
In unlicensed spectrum, UE needs to perform LBT before transmitting UL signal. UL configured grant is beneficial for unlicensed spectrum because of reduced LBT to access unlicensed channel. In Rel. 15, HARQ process information is dependent on the timing of transmission occasion, i.e. HARQ ID is determined by the timing of the transmission occasion and remains the same during the K repetitions within period P. 

There could be one issue when Rel.15 UL configured grant is adopted in unlicensed spectrum. When a packet arrives, UE performs LBT and senses the channel to be idle such that UE can access the channel. However, the HARQ ID associated with the transmission occasion after LBT timing could be occupied. In result, UE can only defer to later transmission occasion with available HARQ ID and channel sensed to be idle simultaneously. This causes unnecessary latency and reduces resource utilization.
Therefore, it is important that HARQ ID is determined by UE without association with transmission timing. UE selects one of the available HARQ IDs from the pool when LBT is performed and channel is sensed to be idle. To avoid ambiguity between gNB and UE, HARQ ID determined by UE is transmitted via UCI multiplexed on PUSCH. 
Proposal 1: HARQ ID is determined by UE, and the UCI for NR-U UL configured grant indicating the HARQ ID is transmitted together with data.

After an initial transmission of a TB, gNB may not decode the TB correctly and retransmission is needed. If the retransmission is only based on UL dynamic grant, gNB can identify each transmission with configured grant is the initial transmission. Therefore, NDI may not be needed in grant-free UCI. If the retransmission can be based on configured grant or UL dynamic grant, NDI is needed to indicate whether it is an initial transmission or retransmission for configured grant transmission.  
If retransmission can be based on configured grant, UE may select different RV for initial transmission and retransmission. To reduce gNB detection complexity, RV is needed to indicate in the UCI. 

In Rel. 15, K repetitions, K > 1, are supported for UL configured grant. For NR-U, there could be some cases that K repetitions are needed, e.g. in case that high reliability is required. During K repetitions, RV sequences can be adopted to achieve coding gain. Since UE may start an initial transmission at any transmission occasion, gNB needs to blindly detect the UL data if RV information is not acquired at gNB. Therefore, RV indicated by UCI is needed.
2.2. Increased flexibility for time resource for transmission

For a UE with configured grant, UE may be configured with a relatively large period to avoid too many reserved resources. However, when UE performs LBT and the channel is sensed to be busy, UE shall drop the transmission occasion of current period and wait for the next period. This would result in larger latency and less access probability. 
To reduce the latency, increased flexibility on time domain resource allocation should be supported. Multiple candidate transmission occasions within a period P can be considered, as shown in Figure 1. The candidate transmission occasions within a period can be configured by network or derived by UE according to the configuration. For example, network configures the first candidate transmission occasion within a period for configured grant. Based on the duration of PUSCH and the first transmission occasion, UE determines the remaining candidate transmission occasions, which are back-to-back in time. In such case, UE has multiple opportunities to transmit a PUSCH within a period. To be more specific, UE may perform LBT within a period subsequently until the channel is sensed to be idle or there is no candidate transmission occasion left. Once channel is idle, UE can select the recent candidate transmission occasion after LBT to transmit PUSCH. 
In order to not introduce too much burden on gNB blind decoding, the number of candidate transmission occasions within a period needs to be carefully configured to achieve trade-off between detection complexity and transmission flexibility.
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Figure 1: Example of multiple transmission occasion candidates within a period for NR-U UL configured grant
Proposal 2: For NR-U UL configured grant, UE determines multiple candidate transmission occasions within a period based on the first candidate transmission occasion, duration of PUSCH and period P.
2.3. Increased flexibility of frequency bandwidth selection

For a UE with capability of subband LBT, UE needs to perform multiple LBTs when it is configured with large frequency bandwidth in a BWP for UL configured grant transmission. If one of the subbands of the frequency bandwidth is sensed to be busy, UE cannot transmit any UL signal in the active BWP on the unlicensed spectrum, even though some of other subbands are idle. UE can only transmit the UL signal unless all the subbands of the frequency bandwidth are sensed to be idle. This may reduce the resource utilization and cause delay. 

To overcome the issue, UE needs to support flexible frequency bandwidth selection based on the channel state. To be more specific, UE has multiple frequency resource allocations per BWP such that UE has more opportunities to access the unlicensed channel regardless of the busy one. For example, UE can be configured with multiple configured grant resource configurations in a BWP by RRC. Multiple configured grant configurations are actived simultaneously and different configured grant configurations have different combinations of subbands. All configurations are indexed, and the index is carried by the activation/deactivation DCI to indicate the target configuration.
UE performs LBT on the frequency resources from each configured grant resource and selects one of the resource on which all the subbands are sensed to be idle. If a configured grant resource corresponding to partial unlicensed frequency bandwidth is selected, UE may need to improve the transmission power within the available subbands to satisfy the OCB requirement. To reduce the detection complexity at gNB, UE can indicate the resource index corresponding to the selected resource configuration via UCI.
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Proposal 3: For NR-U UL configured grant, multiple resource configurations are supported per BWP.
· Different resource configurations correspond to different subband combinations. 

2.4. NR-U configured grant UCI and mapping

As discussed above, UCI transmitted together with PUSCH is beneficial, such as indicating HARQ ID, NDI, RV or resource index. Besides, PUSCH starting or ending position can also be indicated by UCI. Since gNB needs to decode UCI before the data, the resources for grant-free UCI mapping should be deterministic.  
Similar mapping rule in Rel.15 can be adopted, i.e. NR-U UCI for configured grant is mapped to the REs after the symbols carrying DMRS in PUSCH. Since there could be multiple candidate transmission occasions within a period, UCI should be mapped from the symbol of the PUSCH before which the channel is sensed to be idle. Considering flexible candidate transmission occasion within a period, gNB needs to blindly detect on which a PUSCH is transmitted, such as via detecting whether there is UCI transmitted.
Proposal 4: For NR-U UL configured grant, UCI is transmitted together with data, and the content of UCI can include at least HARQ ID, NDI, RV, resource index

· FFS other control information
Proposal 5: For NR-U UL configured grant, UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel.15.
· NR-U UCI for configured grant is mapped to the REs after the symbols carrying DMRS in the transmitted PUSCH.
2.5. HARQ-ACK feedback

In Rel.15 UL configured grant, a retransmission of a TB can be scheduled by UL grant. If there is no UL grant received, UE assumes the transmission of the TB is successful. In Rel.15 FeLAA, explicit ACK/NACK is transmitted via AUL-DFI and UE assumes NACK until explicit ACK is received. There is difference of HARQ-ACK feedback between NR UL configured grant and LTE FeLAA since they are targeting for different use cases. For NR-U, it should be clarified that whether to support explicit HARQ-ACK feedback before design the detail of ACK/NACK. 
Proposal 6: For NR-U UL configured grant, , following options of HARQ-ACK feedback can be considered. 
· Option 1: UL grant is used for scheduling retransmission and UE assumes ACK unless UL grant is received

· Option 2: Specific signalling is used for ACK/NACK feedback and UE assumes NACK unless explicit ACK is received

3. Conclusion

In this contribution, we provide our views on enhancements for NR-U UL configured grant transmission. The proposals are summarized below.
Proposal 1: HARQ ID is determined by UE and UCI for NR-U UL configured grant indicating the HARQ ID is transmitted together with data.

Proposal 2: For NR-U UL configured grant, UE determines multiple candidate transmission occasions within a period based on the first candidate transmission occasion, duration of PUSCH and period P.
Proposal 3: For NR-U UL configured grant, multiple resource configurations are supported per BWP.
· Different resource configurations correspond to different subband combinations. 

Proposal 4: For NR-U UL configured grant, UCI is transmitted together with data, and the content of UCI can include at least HARQ ID, NDI, RV, resource index

· FFS other control information
Proposal 5: For NR-U UL configured grant, UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel.15.
· NR-U UCI for configured grant is mapped to the REs after the symbols carrying DMRS in the transmitted PUSCH.

Proposal 6: For NR-U UL configured grant, , following options of HARQ-ACK feedback can be considered. 

· Option 1: UL grant is used for scheduling retransmission and UE assumes ACK unless UL grant is received

· Option 2: Specific signalling is used for ACK/NACK feedback and UE assumes NACK unless explicit ACK is received
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