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Introduction
In RAN#78 Meeting, the scope of NR for high reliability URLLC for the second drop of Rel-15 was discussed and several RAN1 topics were identified [1]:
· PUSCH UCI dropping rules considering URLLC data in PUSCH
· For configured UL grant and repetition, the UE may repeat always for K repetitions 
· Aperiodic CSI on short PUCCH 
· Channel coding for control and data targeting high reliability
· Explicit HARQ-ACK feedback for configured UL grant
· Beta offset(s) for UCI handling targeting very low code rate on data on PUSCH
· Robust URLLC UCI (CQI) mapping in PUSCH
· PUCCH/PUSCH increase the accumulated TPC power control step size
In RAN1#90 Meeting [2], the following agreements were reached related to the HARQ feedback of UL transmission without grant:
Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.
· Option 1: Based on UL grant to indicate “ACK”
· Option 2: Group-common DCI
· 2-1: Only ACK 
· 2-2: ACK and NACK
· Option 3: Define a Timer, UE assumes following, when the Timer expires
· 3-1: ACK if an NACK is not received after the K repetitions
· 3-2: NACK if an ACK is not received 
· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
· Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”
In this contribution, we provide our views on the need to support “Explicit HARQ-ACK feedback for configured UL grant” for URLLC use case. It is worth noting that this aspect of the UL transmission without grant was also discussed in RAN #78 meeting but no consensus was achieved.
Discussion 
The main advantage of the HARQ feedback for UL transmission without grant is to avoid any unnecessary repetition which could potentially contribute to the high intra-cell and inter-cell interference in the system. This is critical for URLLC applications which need to achieve the stringent reliability requirements in both noise-limited and interference-limited environments. 
Per agreements from RAN1#90 Meeting [1], three options are identified for further study for indication of the HARQ feedback of UL transmission without grant.
· Option 1 which relies on the UL grant for the ACK feedback is similar to the adaptive HARQ mechanism defined in LTE wherein the UE discards the PHICH information and performs adaptive retransmission if it detects PDCCH with NDI not-toggled (or transmitting a new packet if the NDI is toggled). The only disadvantage of this scheme is its high overhead on the CORESETs. However, in systems in which a moderate number of users are served in each slot, this approach could be a very powerful tool given that the gNB also has the flexibility to change the transmission attributes, such as resource allocation, redundancy version, MCS, etc. at each retransmission in response to the interference environment caused by other UL grant free transmissions.
· Option 2 relies on the joint coding of the ACK/NACK feedbacks for multiple users which is transmitted using a group common DCI on PDCCH. A similar approach was used in LTE for signaling the power control commands for a group of UEs where individual TPC commands for multiple UEs are jointly encoded and transmitted on PDCCH using DCI Formats 3 and 3A. The main advantage of this option compared to option 1 is its capability to avoid the undesirable overhead on the control channel by allowing the HARQ-CK feedback for multiple users to be transmitted on a single PDCCH resource in DL. 
In NR, the concept of group-common PDCCH signalling has already been agreed for the Slot Format Indication (SFI) and Pre-emption Indication (PI). This approach can easily be extended for the explicit HARQ-ACK feedback transmission to a group of UEs with configured UL grant in DL.
· Option 3 relies on the timer for implicit indication of ACK or NACK. Per RAN2 agreement, a timer is introduced for each HARQ process such that as long as the timer is running the UE does not use the UL grant-free or the SPS resource for a new transmission. In other words, the UE assumes ACK if the timer is not running. The timer is configured by RRC and can be stopped when a dynamic grant is received for this HARQ process. Moreover, the timer can be started/restarted after the initial transmission/retransmission regardless of whether repetition is configured or not.
This approach can be categorized under implicit mechanisms for the HARQ-ACK signaling. However, one of its main drawbacks is that if the system solely relies on the timer, the lost UL packet need to be recovered through ARQ mechanism by high layer (e.g., RLC) which comes at the expense of much higher latency and overhead which does not well aligns with the low latency requirement of URLLC applications. 
Based on the above discussions, we believe all three options should be supported in NR to allow for a flexible and configurable HARQ feedback mechanism for UL data transmission without grant. The explicit feedback mechanism enables a very fast and reliable feedback using layer 1 and the implicit feedback mechanism ensures a much more reliable packet delivery in upper layers. Therefore, these two mechanisms to a large extent are complementary. 
Summary
In this contribution, we discussed our views on the explicit HARQ-ACK feedback of UL transmission without grant and make the following proposal:
Proposal: Mechanism for the explicit indication of the HARQ-ACK feedback for configured UL grant should be supported in NR.
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