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1. Introduction

In RAN1#87 meeting, uplink grant-less transmission was agreed to support URLLC. HARQ, resource allocation and other issues were discussed for grant-less transmission with the following agreement:
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design

In this contribution, we discuss the design of uplink grant-less transmission to support URLLC.
2. Discussion
With uplink grant-less transmission, UE can transmit data without scheduling latency. However, the transmission may fail due to poor channel condition or collision with other UEs. In regular HARQ process, NACK would be indicated to UE and UE would retransmit the data after some time. For grant-less transmission, no NACK information would be indicated for the failed transmission. Once UE doesn’t detect ACK from gNB, it would retransmit the data until ACK is indicated or the retransmission times reach the promised maximal number. Before there is resource for ACK indication, the data would be held and new data could be transmitted if needed. However, if there is no DL control resource for a long time (e.g. there are continuous uplink slots or the current slot length is large), and no ACK is indicated in the next DL control resource, the latency would be an issue for the data.
To meet the requirement on low latency and high reliability of URLLC, autonomous retransmission can be introduced. During the time waiting for ACK from gNB, UE can continuously transmit one data by multiple times. The resources for autonomous retransmission can be predefined or pre-configured to UE. Low latency and high reliability can be ensured for URLLC at the cost of resource overhead at least in case URLLC resources are sufficient. Fig.1 and Fig.2 show two application examples of autonomous retransmission. The repeated data can be transmitted by mini-slots within one slot length, or by multiple slots when the subcarrier spacing is large.
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Fig.1 Autonomous retransmission for grant-less uplink within a slot
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Fig.2 Autonomous retransmission for grant-less uplink by multiple slots
Proposal 1:  Autonomous retransmission is supported for uplink grant-less transmission to satisfy the low latency of URLLC.
In case the grant-less transmission of two UEs collide in the same resource, eNB may fail to detect both data. Then the two UEs would retransmit the data without grant. There is probability that the two UEs would collide again. Similar to the discovery signal design in D2D, a hopping pattern to obtain the resources for retransmission can be introduced to reduce the probability of consistent collision and improve the reliability. A UE-specific hopping pattern can be pre-configured by gNB or obtained via some known UE-specific ID. Especially when autonomous retransmission in proposal 1 is supported for grant-less transmission, a UE-specific hopping pattern is necessary to reduce collision probability as shown in Fig3.
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Fig.3 Autonomous retransmission with UE-specific hopping pattern
Proposal 2: UE-specific hopping pattern can be introduced for initial transmission and retransmission to avoid consistent collision.
3. Conclusions
In this contribution, we discuss the HARQ design of uplink grant-less transmission for URLLC. Both autonomous retransmission and A/N based retransmission can be supported for grant-less transmission. We have the following proposals:
Proposal 1:  Autonomous retransmission is supported for uplink grant-less transmission to satisfy the low latency of URLLC.
Proposal 2: UE-specific hopping pattern can be introduced for initial transmission and retransmission to avoid consistent collision.
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