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1. Introduction
In the RAN plenary #80 meeting, the new study item on physical layer enhancements for NR URLLC was approved [1]. In the study item, uplink (UL) configured grant (grant-free) transmission enhancement is included as one of the objectives of the study as mentioned below.

	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 this contribution, we discuss some methods for enhancements on UL grant-free transmissions, especially explicit HARQ-ACK feedback to UL transmission, ensuring K repetition and multiple grant-free configurations, and provide our views on them.
2. Discussions
2.1. Explicit HARQ-ACK feedback to UL grant-free transmissions
With the specifications of NR Release 15, a gNB does not explicitly perform a HARQ-ACK feedback for an UL transmission, and it explicitly orders a HARQ retransmission using a downlink control information (DCI) only at the case that the retransmission is necessary if error of decoding for a UL received transport block occurs. In addition, it is specified that if higher layers in a UE do not hand a transport block to its physical layer in the case of grant-free transmission, the UE shall not transmit anything on resources which have been configured for grant-free transmission.
In such specifications, when a UE performed its UL transmission but its serving gNB failed detection of the UL transmission, the UE treats the UL transmission as if the gNB could have received it correctly because the gNB does not order retransmission. If traffic requires high reliability but does not require much lower latency, the problem of this misconception in the UE can be compensated later by retransmission mechanisms of higher layers such as RLC or TCP, or also by performing grant-based transmission. On the other hand if the traffic requires very low latency but does not require high reliability, then the problem might be ignored. In other words, this misconception becomes a major problem when the URLLC traffic requires both high reliability and low latency at the same time.
Observation 1: The misconception in a UE becomes a major problem when URLLC traffic requires both high reliability and low latency.
As a solution to solve this problem, it could be considered that the gNB explicitly performs a HARQ-ACK feedback of an ACK against the correct reception of UL grant-free transmission. After having performed UL grant-free transmission, the UE recognizes that the UL grant-free transmission was received correctly in the gNB if the HARQ-ACK feedback comes within a given period of time, and also recognizes that it was not received correctly otherwise. An advantage of this technique is that probability of the misconception can be reduced. In addition, it also contributes to the radio resource utilization in the case of UL grant-free transmission performing K repetitions, which will be discussed in Sect. 2.2, if the early termination of K repetition can be performed by the explicit HARQ-ACK before completing the K repetitions. On the other hand, a disadvantage of this technique is that radio resource consumption by the HARQ-ACK feedback itself. But it is thought that the radio resource consumption by the HARQ-ACK feedback does not increase so much if the HARQ-ACK feedback is used only under the condition shown in Observation 1. As there are not any downlink physical channels and downlink control information realizing the HARQ-ACK feedback in NR Release 15, it is necessary to study it further how to realize it.
Proposal 1: Explicit HARQ-ACK feedback should be studied for enhancements on UL grant-free transmissions.
2.2. Ensuring K repetitions for a transport block
With the specifications of NR Release 15, the transport block repetition for UL grant-free transmission is specified. In the case of UL grant-free transmission where a UE is configured with the higher layer parameter repK > 1, the UE repeats transmission of a transport block across repK consecutive slots applying the same symbol allocation in each slot, and this is called K repetitions. In addition, a period P is set, and the transmission occasions (TO) of the consecutive K times is set within the period P, and it is specified not to be able to perform repetition for a transport block on the multiple periods for the HARQ ID identification.
In the case of such a specification, when an UL transport block occurs at the first TO among K consecutive TOs within a period P, K repetitions for the transport block can be performed. However, when the UL transport block occurs after the second TO of consecutive K TOs, the number of repetitions for the transport block decreases because only TOs after the time when the transport block occurs can be used for the transmission within the period P. As a parameter repK is set beforehand by the RRC information element ConfiguredGrantConfig, it is common that the repK is decided in advance based on a target BLER required by traffic. Therefore, it is beneficial to guarantee repK times of repetition as much as possible which is configured in advance in the higher layer. One possible solution to realize ensuring K repetitions as much as possible might be decoupling configured resource length from parameter repK as shown in Figure 1.
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Figure 1
a possible solution to ensure K repetitions as much as possible by decoupling configured resource length from repK in case that the configured redundancy version (RV) sequence is {0, 2, 3, 1}.
Proposal 2: Mechanism to ensure K repetitions as much as possible should be studied for enhancements on UL grant-free transmissions.
2.3. Multiple grant-free configurations
The MAC layer specification by RAN WG2 has the following descriptions [2]. Therefore, in the specifications of NR Release 15, multiple grant-free configurations cannot be considered to be active at the same time in a serving cell.
	Type 1 and Type 2 are configured by RRC per Serving Cell and per BWP. Multiple configurations can be active simultaneously only on different Serving Cells. For Type 2, activation and deactivation are independent among the Serving Cells. For the same Serving Cell, the MAC entity is configured with either Type 1 or Type 2.


However, we think that it would be beneficial to make multiple grant-free configurations active at the same time in a serving cell. For example, the multiple grant-free configurations would be beneficial when a UE handles multiple traffics at the same time which have both different quality of service (QoS) requirements and traffic patterns suitable for grant-free transmission (for example, AR/VR+VoIP). In addition, considering that grant-free configurations are shared in multiple UEs, improvement in frequency efficiency would be expected if the multiple grant-free configurations with different MCSs keep active and the UEs can dynamically select grant-free resources based on their own channel quality.
If it is assumed that multiple grant-free configurations are active at the same time, it is necessary to discuss how to handle resources configured by the different grant-free configurations. For example, if the multiple grant-free configurations are active in the same slot, it needs to be discussed whether a transport block may be allocated across the resources configured by the different grant-free configurations. Also, if the multiple grant-free configurations with K repetitions are active in the same time, it needs to be discussed whether a UE may repeat a transport block across the different grant-free configurations. Even if there are any problems in the case of multiple grant-free configurations, simple solutions are desirable at the beginning.
Proposal 3: Mechanism for multiple grant-free configurations to be active should be studied for enhancements on UL grant-free transmissions.
3. Conclusion
In this contribution, we discussed some methods for enhancements on UL grant-free transmissions, and gave an observation and proposals as follows.
Observation 1: The misconception in a UE becomes a major problem when URLLC traffic requires both high reliability and low latency.
Proposal 1: Explicit HARQ-ACK feedback should be studied for enhancements on UL grant-free transmissions.
Proposal 2: Mechanism to ensure K repetitions as much as possible should be studied for enhancements on UL grant-free transmissions.
Proposal 3: Mechanism for multiple grant-free configurations to be active should be studied for enhancements on UL grant-free transmissions.
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