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1. Introduction

According to the agreements from RAN2, a new timer has been introduced for HARQ with grant-free (GF) transmission. Upon the timer is running the UE does not use the GF resource for new transmission for this HARQ process. However，in [1] and [2]，the reliability of this kind of implicit HARQ-ACK feedback was questioned when the need of high reliability is required.
In this contribution, the issues on reliability enhancement for GF transmission was discussed, and some proposal were given.
2. Discussion
The implicit HARQ-ACK feedback is adopted in GF transmission, i.e. when a TB is decoded successfully gNB does not transmit ACK, otherwise, gNB requests retransmission with dynamic scheduling. However, gNB does not expect a UL transmission on every configured GF resources, thus gNB does not react when it fails to detect a UL transmission which is the same as when it successfully decodes a UL transmission. As a result, it may cause ambiguity at UEs and leads to data loss when a transmission is not detected, but the UE regards it as an ACK.
As per the agreements in RAN 1#91, in GF transmission a TB can be transmitted with K repetitions and the possible number of K can be {1,2,4,8}. The implicit HARQ-ACK feedback will cause ambiguity at the UE only when gNB miss all of the K repetitions. It is obvious that when a large repetition number is configured, the probability of detection failure is reduced. However, a larger K may reduce the efficiency of resource utilization and increase power consumption at UE as well.
Proposal 1: Based on the current agreements, the network could configure a larger repetition number to alleviate the issue caused by implicit HARQ-ACK feedback. 
If UE is configured with a smaller repetition number, in order to enhance reliability, two solutions for explicit ACK feedback can be considered, which are: 
· The UE-specific ACK feedback 

· The Group-specific ACK feedback

For the UE-specific ACK feedback, gNB explicitly transmits ACK if a TB is decoded successfully, thus the ambiguity issue at UE can be eliminated. However, unlike LTE in which ACK feedback can be transmitted via PHICH, HARQ mechanism in NR is asynchronous and adaptive and HARQ feedback is implemented via DCI on PDCCH. Thus, utilizing a UE-specific DCI for ACK feedback only is a waste of PDCCH resources.
Observation 1: UE-specific explicit ACK feedback can enhance reliability but waste PDCCH resources.

Compared with UE-specific explicit ACK feedback, group-specific ACK feedback can improve the efficiency of PDCCH resource utilization. Specifically, a DCI format similar to LTE DCI format 3 can be considered, and the following aspects need to be carefully investigated.

· RRC signalling: RRC signalling is needed to configure and update the group related information, e.g., group RNTI, location of indication for a specific UE in the group-specific DCI, number of UEs in the group and etc. If the groups are changed frequently, RRC signalling overhead for updating is increased.

· Group definition: Whether the size of the UE group, i.e., number of UEs in the group, and accordingly the number of bits in DCI is semi-statically configured or dynamic needs to be considered carefully. If the size is semi-statically configured, situation may occur where some UEs cannot be grouped and UE-specific feedback may be needed. If the size of the group is dynamically changed, the size of group-specific feedback indication field in DCI is dynamic which may cause confusion at UEs.
· Timing: In GF transmission, GF resources are configured, however, UL transmission from UEs is sporadic and unpredictable to gNB. Furthermore, starting time and end time of UL transmission from different UEs in a group are probably different. Thus, appropriate timing of feedback in order to meet latency requirement of each UE needs to be studied.
For UE’s skipping GF transmission. When a UE does not have UL data to transmit, it will skip the GF transmission occasion. From our perspective, feedback for these UEs in a group can be set as “NACK”. Since UE has the knowledge of whether it has initiated an UL transmission, no misunderstanding will be caused. Furthermore, if retransmission is requested, dynamic scheduling will be received by UE. Only if a UE receives “NACK” in the group-specific feedback and receives a dynamic scheduling for retransmission, UE retransmits the corresponding TB.
Observation 2: Group-specific explicit ACK feedback can enhance reliability and improve efficiency of resource utilization, but more specification efforts are needed.

3. Conclusion
Based on the discussion above, we made following observations and proposals.

Proposal 1: Based on the current agreements, the network could configure a larger repetition number to alleviate the issue caused by implicit HARQ-ACK feedback. 
Observation 1: UE-specific explicit ACK feedback can enhance reliability but waste PDCCH resources.
Observation 2: Group-specific explicit ACK feedback can enhance reliability and improve efficiency of resource utilization, but more specification efforts are needed.
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