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Introduction
[bookmark: _Ref228947482]In RAN1#88 meeting, the following agreements have been achieved for grant-free UL URLLC.
Agreements:
· For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
· Reference signal parameters
· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
· FFS other parameters
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB
· The number of repetitions for the TB reaches K

The general framework of grant-free UL URLLC has been established until the last meeting. In this contribution, we share some more discussions on HARQ related issues including UE behavior under BS misdetection and hopping mechanisms over retransmissions/repetitions. 
Discussion 
For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL, and the reliability requirement for one transmission of a packet is 10-5 for 32 bytes with a user plane latency of 1ms [1]. For the target of low latency, grant-free transmission is beneficial in the sense that the latency related to the transmission of SR/BSR and UL grant can be removed. As for the high reliability, it has been agreed to support HARQ retransmissions and repetitions with the same or different RVs. Compared with grant-based transmission, HARQ for grant-free transmission should be designed with particular considerations. For example, there could be detection errors at the BS and physical resource collisions among UEs for grant-free transmission. These will lead to reception errors, and some of these errors can be corrected by HARQ retransmissions/repetitions within the required latency. In the following, we share some considerations on HARQ related issues for grant-free URLLC.
In grant-free transmission, the BS needs to blindly detect which UEs are performing transmission. As RS parameters could be at least configured semi-statically, it is assumed that there is a one-to-one mapping between DMRS properties (e.g. DMRS sequence) and UE ID in this contribution. However, misdetection is still quite possible, i.e., the BS completely fails to detect a transmission. In this case, the BS will not feedback any ACK/NACK at least for the UE initial transmission. From the UE side, the UE has performed transmission but not received any ACK or NACK. Due to lack of information on the previous transmission, the BS cannot perform HARQ IR combining anyway. Therefore, it would be reasonable to let the UE only repeat the previous transmission instead of transmitting with a new RV. 
Proposal 1: For grant-free transmission, the UE will repeat the previous transmission when neither ACK nor NACK is received.
Collisions are inevitable for grant-free transmission when physical resources are shared among UEs. Since collisions are likely to result in reception errors, they should be avoided or reduced with best effort. As exemplified in Figure 1, even if the initial transmissions collide, the retransmission/repetition collisions in frequency and/or time domain can be avoided. 


a) ReTx collision avoided in frequency domain      b) ReTx collision avoided in frequency and time domain
Figure 1. Illustration of HARQ retransmissions/repetitions
To achieve the more desired results in Figure 1, one way is explicitly configuring UE the retransmissions/repetitions by BS signaling. The configuration information can be transmitted together with NACK, e.g., contained within one PDCCH. The benefit is that collisions are more controllable due to centralized scheduling. The drawback could be the additional signaling overhead and the possible cost to keep the signaling also highly reliable. Another way could be making the UE transmissions follow certain hopping patterns. This can use a pseudo-random manner to determine the retransmissions/repetitions. Also it can apply to transmissions without ACK/NACK, e.g., consecutive transmissions [2]. The principle of pseudo-randomness has been used in LTE. For example, the PDCCH search space is determined pseudo-randomly by using Yk which is a recursive function related to RNTI and subframe index k. Similar methods can be used to obtain the retransmission/repetition hopping patterns. For URLLC, preferably different UEs will have different DM-RS sequences and/or UE IDs. Therefore, DM-RS ID and/or UE ID can be used to generate Yk. If a transmission occurs at the time and frequency resource k, then the corresponding calculated Yk can be used to determine the next retransmission/repetition resource for example using: . Here kr is an index within the R available resources for the retransmission/repetition. Constraints may be put onto R to make the whole transmission complete within the required latency. For retransmission/repetition hopping, signaling overhead can be saved but collisions cannot be completely avoided. Tradeoff exists between these two methods.
Proposal 2: The time/frequency index of the first detected grant-free transmission and the UE ID can be used to determine hopping patterns for any retransmissions/repetitions.

Conclusions
In this contribution, we share our views on grant-free transmission for UL URLLC. It has been agreed to support grant-free transmission and retransmissions/repetitions for UL URLLC. Still studies on how to support the HARQ are needed for grant-free transmission. Based on the analyses, we give the following proposals.
Proposal 1: For grant-free transmission, the UE will repeat the previous transmission when neither ACK nor NACK is received.
Proposal 2: The time/frequency index of the first detected grant-free transmission and the UE ID can be used to determine hopping patterns for any retransmissions/repetitions.
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