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Introduction
Support of URLLC in NR was extensively discussed during the NR study item phase. UL grant-free transmission was agreed as an enabling feature supporting the low latency aspect of URLLC. A summary of the agreements reached at the past few RAN1 meetings can be summarized as follows, 
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
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions
· 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
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply
In this contribution, we elaborate on our initial discussion in [1] with further details on UL grant-free transmission scheme for URLLC.
Discussion
A UE may be semi-statically configured with time-frequency resources for UL grant-free transmission. When the system traffic load is high and/or the UE traffic is aperiodic, the resource overhead of dedicated time-frequency resources may become a limiting factor to optimum system throughput and/or operation. In order to efficiently utilize physical resources, gNB may be able to pre-configure shared time-frequency resources for multiple UEs. Consequently, collision may occur when multiple UEs perform UL grant-free transmission or re-transmission at the same time instance.
When collision occurs, the data from multiple UEs superposed together may or may not be decodable at the gNB depending on the number of gNB Rx antennas, the number of colliding UEs, the received SINR difference among UEs, etc. Although retransmission can be used to improve the performance, the delay would be increased which is not preferable for delay-sensitive URLLC services. 
Therefore, it is proposed to further consider other domain separation mechanisms, possibly including code/power/spatial domain separation, for UEs transmitting on a shared time-frequency resource. Similarly to dedicated time-frequency resource configuration, it is proposed to pre-configure dedicated code/power/spatial domain resources for the UE to avoid a potential collision. The detailed design of other domain separation mechanism can be FFS.
Proposal 1: A UE can be additionally pre-configured with dedicated code/power/spatial domain resources for UL grant-free transmission on shared time-frequency resources.
For UL grant-free transmission, detection failure may occur at the gNB when two or more UEs initiate a transmission in the same time slot. Two detection failure cases are considered. The first case is when the gNB does not detect the identity of a transmitting UE, whereas the second case occurs when the gNB detects a UE but data detection fails.  For the former, the UE should be able to autonomously trigger a grant free re-transmission at a preconfigured resource since no HARQ acknowledgement would be received from the gNB. For the latter case, where the gNB detects a transmission/UE identity but data detection fails, it should be possible for the UE to receive an UL grant for a retransmission of the same HARQ process. In this scenario, the gNB may send the UL grant as soon as possible, e.g. before the end of K configured repetitions. 
A different mechanism that works for both detection failure cases is where the UE autonomously performs up to K repetitions with resource hopping to randomize the mutual interference and/or increase the likelihood of detection success [2].  
However, there are other reasons why an UL grant may still be beneficial. For instance, the gNB based on channel and interference measurement reports may determine that a change to the time-frequency resources used for transmitting a URLLC packet is needed to improve success rate. Thus the gNB should have the flexibility to adapt re-transmission resources and terminate the repetition process. Therefore, both grant–free based re-transmission and grant based re-transmission should be supported for URLLC UL grant-free transmission.
Proposal 2: Both grant–free based re-transmission and grant based re-transmission should be supported for UL grant-free transmission.
If an UL grant is successfully received for a slot/mini-slot for the same TB before the end of the sequence of K configured repetitions, it should be possible to inform the UE to terminate the sequence of K repetitions. This not only saves energy consumption at the UE but also reduces collisions and UL interference. In general, when the gNB detects a UE identity, the gNB may send an ACK or NACK indication in a DCI based on detection success or failure respectively. The UL HARQ feedback need not be conveyed in a typical UL grant. Other DCI formats may be considered for acknowledging UL HARQ transmissions.  
Proposal 3: Acknowledgement/indication as one repetition termination condition should be supported for grant-free UL transmission.
When an UL grant is used to acknowledge and/or schedule an adaptive retransmission of a TB for which the previous transmission of the same HARQ process was sent on a grant-free resource, it is unclear how to indicate that it is the same TB.  One solution is to identify the TB based on resource indexing with respect to the configured grant-free resource. A different solution is to consider reusing some bit fields in the UL grant when scheduling an adaptive retransmission.
Proposal 4: UL HARQ acknowledgement of an UL grant-free transmission may also indicate the TB by reusing some fields of the DCI containing the HARQ acknowledgement.
Pre-configured dedicated reference signals may be used to identify UEs performing grant-free UL transmission on a shared resource. For better detection performance, it is proposed to consider orthogonal reference signals as a starting point [1]. 
Proposal 5: Dedicated and orthogonal UL reference signals should be the starting point for UE identification of grant-free UL transmission on shared resources.
Conclusion
In this contribution, we discuss UL grant-free transmission for URLLC with the following proposals:
Proposal 1: UE can be additionally pre-configured with dedicated code/power/spatial domain resources for URLLC UL grant-free transmission on shared time-frequency resources.
Proposal 2: Both grant–free based re-transmission and grant based re-transmission should be supported for UL grant-free transmission.
Proposal 3: Acknowledgement/indication as one repetition termination condition should be supported for grant-free UL transmission.
Proposal 4: UL HARQ acknowledgement of an UL grant-free transmission may also indicate the TB by reusing some fields of the DCI containing the HARQ acknowledgement.
Proposal 5: Dedicated and orthogonal UL reference signals should be the starting point for UE identification of grant-free UL transmission on shared resources.
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