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Introduction
According to the approved SI on Physical Layer Enhancements for NR URLLC, enhanced UL grant-free transmissions may be an effective method to satisfy the requirements [1]:
“Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)”
In the previous meeting, there are the following agreements about enhanced UL grant-free transmissions:
· Study further whether/how multiple active configured grants for a BWP of a serving cell.
· Identify potential specification impacts and options for both type 1 and type 2
· At least Activation/deactivation mechanism for Type2
· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated
· Study how to support repetitions with multiple configurations for a BWP of a serving cell
· FFS HARQ process ID determination for both type 1 and type 2
· FFS other specification impacts for both type 1 and type 2
· Study the performance impacts
· Study further whether/how on ensuring K repetitions.
· Study further on PUSCH repetitions within a slot for configured grant.
In this contribution, we will discuss the enhancements on UL grant-free transmissions for URLLC.
Discussion
2.1 Multiple active configured grants for a BWP of a serving cell
According to the Rel.15 specification, Type 1 and Type 2 “configured grant PUSCH” is configured per serving Cell and per BWP. Multiple configurations can be active simultaneously only on different serving Cells. Each “configured grant PUSCH” can be equipped with repetition. When repetition is used, one RV pattern is correspondingly configured to be applied for each repetition occasion. The initial transmission could be started at the occasion which is associated with RV=0. In addition, UE is not expected to be configured with time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. 
As a result, the initial PUSCH transmission and the corresponding repetition (if configured) with the configured grant occurs at predefined occasions. This restricts the latency performance much because an urgent uplink transmission has to be delayed to the moment where initial transmission is allowed. Considering the strict requirements of latency for Rel.16 URLLC, it was proposed to support multiple grant free configurations for a BWP of a serving cell. With independent and flexible configured parameters, one of the multiple configured grant configurations could be used for instantaneous data transmission. Furthermore, it is possible that new data transmission requirements occur during a previous transmission. To take the advantage of latency improvements, multiple configured grants for a BWP of a serving cell could be activated.
Proposal 1: Support multiple active configured grants for a BWP of a serving cell.
2.2 Ensuring K repetitions
Currently, when K repetition is configured for a configured grant uplink transmission, it is possible that transmission is terminated before K times transmission is finished. This is because the transmission can only be started at occasions which is associated with RV=0 and only K occasions within a period interval is allowed. As a result, the reliability performance would be impacted due to K repetition cannot be ensured. 
However, if multiple active configured grants for a BWP of a serving cell is supported as proposed in the section 2.1, and if the configuration can be flexible enough, data transmission can be started as soon as its arrival, K repetition can be mostly ensured.
Observation 1: if multiple active configured grants for a BWP of a serving cell is supported, K repetition can be mostly ensured.
2.3	Explicit HARQ-ACK feedback
In Rel.15, after uplink transmission on configured PUSCH resource, if the UE does not receive an UL grant for retransmission before the configuredGrantTimer expires, the UE thinks the UL transmission is correctly received by the gNB. Then it is possible that the gNB does not detect UE’s UL transmission at all while the UE considers UL transmission is correctly received. For the high reliability requirement of Rel.16, this is unacceptable. Therefore, explicit ACK feedback is needed for UL grant-free transmission.
For the explicit HARQ-ACK feedback, UE-specific DCI or UE group DCI was proposed. For UE specific DCI with a normal UL grant, the overhead may be high since only ACK information is needed when there is no further scheduling is needed for this UE. UE group DCI is also questionable since UEs have to be grouped while their traffic load is sporadic. Therefore, a UL grant-free resource specific HARQ-ACK feedback can be additionally considered. For example, the HARQ-ACK feedback are grouped according to the allocated grant-free resources from the gNB perspective.
Proposal 2: Support explicit ACK feedback and consider grant-free resource specific HARQ-ACK feedback in addition to UE specific and UE group specific HARQ-ACK feedback.
Conclusion
In this contribution, we will discuss the enhancements on UL grant-free transmissions for URLLC. The following proposals and observations are reached:
Proposal 1: Support multiple active configured grants for a BWP of a serving cell.
Observation 1: if multiple active configured grants for a BWP of a serving cell is supported, K repetition can be mostly ensured.
Proposal 2: Support explicit ACK feedback and consider grant-free resource specific HARQ-ACK feedback in addition to UE specific and UE group specific HARQ-ACK feedback.
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