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1 Introduction
Since NR is studying the feasibility of operation in unlicensed spectrum, the impact of transmission opportunity due to LBT failure should be studied. The configured grant specified in NR is considered as a solution to enhance the efficiency of uplink traffic in unlicensed spectrum. The PUSCH transmission with configured grant is one of important features in NR Rel-15. In addition to reduce the latency of SR and UL grant transmissions between UE and gNB, the configured grant supports multiple transmission occasions and repetitions for the same transport block in order to satisfy the requirements of latency and reliability of URLLC. In this contribution, we provide our views on the potential enhancement on the configured grant for NR-U.
2 Configured grant for NR-U
When the communication is operated via unlicensed spectrum, multiple LBT procedures may be required for both UE and gNB. For example, for the purpose of UL data transmission, LBT should be performed before transmitting SR, uplink grant DCI, PUSCH and HARQ-ACK. However, a failed LBT procedure may affect the efficiency in both time and frequency resource. Therefore, a compact procedure for UL traffic should be supported in unlicensed band.
Uplink data transmitted with semi-persistent manner has widely adopted in LTE and NR systems. Especially, the autonomous UL transmission scheme also specified for further enhance the LAA system in Rel-15. With these schemes, the latency of uplink traffic can be reduced since scheduling DCI is removed. In NR, PUSCH transmission with configured grant provides more flexibility than legacy SPS scheme on the date transmission. There are two types of configured grant UL transmission to reduce the DCI overhead and transmission delay:

· Type 1:
UL data transmission with configured grant is only based on RRC (re)configuration without any L1 signaling.
· Type 2:
UL data transmission with configured grant is based on both RRC configuration and L1 signalling for activating (or deactivating) the grant. In addition, the activation DCI can provide some information (e.g., resource allocation in frequency domain, modulation order and TB size, DMRS configuration, etc.) for further adjustment.
When type 1 configured grant is applied to the NR-U, UE can perform UL transmission without L1 signalling. However, for the case when the gNB needs to adjust the scheduling detail (e.g., frequency domain resource) or suspend the configure grant operation, additional latency is required for RRC reconfiguration signalling. As for the type 2 configured grant, the advantage of scheduling flexibility can be achieved by using activation/deactivation DCI. However, the transmission of the activation/deactivation DCI would become a risk in the unlicensed band. For example, after the gNB transmit the deactivation DCI to retrieve the configured resource for other scheduling purpose, the UE need to transmit the acknowledgement accordingly. The configured resource would be wasted (i.e., cannot be used by neither gNB nor UE) if the acknowledgement cannot be transmitted due to LBT failure. In addition, it may cause the gNB to transmit deactivation DCI again since it determine the UE miss the last deactivation DCI. However, the type 2 configured grant is still preferred since the flexibility can help gNB to adjust the resource more quickly. As for the problem caused by the activation/deactivation DCI can be further study, for example, short LBT or HARQ-ACK feedback without LBT could be considered.
Proposal 1: Adopt NR Type 2 configured grant as a baseline to support UL transmission with configured grant in NR-U.
3 Resource utilization for configured grant in NR-U
In addition to configure physical resource with SPS manner, the configured grant provides two features to improve the latency and reliability. The first one is the multiple transmission occasions within a transmission period. For each transmission period, the UE has flexibility to decide a starting point to transmit uplink data. The second one is the repetition of a TB within the transmission period. After deciding the starting point, UE can transmit the same TB in the rest of the multiple transmission occasions. These features are designed for the requirements of URLLC, considering the feature of unlicensed band, it seems not reasonable to apply URLLC in the unlicensed band. However, due to the uncertainty of LBT result, these features still beneficial to adopt these features in NR-U. For example, multiple transmission occasions can help to improve the reduced uplink transmission due to LBT failure. Moreover, since dynamic scheduling DCI is required for a UL data retransmission, the repetition of the same TB can increase the reliability and further avoid additional LBT for retransmission procedure. According to current specification, the UE cannot change parameters (e.g., TB size and modulation order) for configured grant transmission. However, because the number of repetition for a TB is determined according to the LBT result, the reliability of the TB would be changed in each transmission period. As show in figure 1, TB#1 and TB#2 are scheduled to be transmitted in different periods, different LBT result may result different number of repetition for data transmission in unlicensed band. 
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Figure 1: UL transmission with configured grant in the unlicensed band.
In order to improve the transmission reliability considering the LBT behaviour, we propose to allow UE to adjust some transmission parameters (e.g., modulation order and/or TB size) for configured grant in unlicensed band. Moreover, adaptation of the pre-configured transmission parameters provides the flexibility to handle the unpredictable interference (e.g., from hidden nodes). According to the interference level and number of repetition available for a TB, the UE can adjust modulation order and/or TB size for current transmission period. UE can indicate the change of parameter(s) to the gNB via uplink control information transmitted together with the UL data. 
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Figure 2: Adaptable UL transmission with configured grant in the unlicensed band.

Proposal 2: Allow UE to adjust transmission parameters for configured grant in NR-U.
4 Conclusion

Based on our discussions, we have the following proposals:
Proposal 1: Adopt NR Type 2 configured grant as a baseline to support UL transmission with configured grant in NR-U.
Proposal 2: Allow UE to adjust transmission parameters for configured grant in NR-U.
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