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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 discuss further details of UL grant-free transmission scheme for URLLC [1].
Discussion
The allocated time-frequency resources, the MCS/RV/NDI, the DMRS, and other control information for UL grant-free transmission are semi-statically configured to the UE through RRC signaling. When the system traffic load is high and/or the UE traffic is aperiodic, the utilization of dedicated time-frequency resource to a UE may be too low. The gNB should be able to configure a shared time-frequency resource(s) for multiple UEs. Then collision may happen when multiple UEs perform UL grant-free transmission or re-transmission.
When collision happens, the data from multiple UEs superposed together may or may not be decodable at gNB side 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, possibly including code/power/spatial domain separation for the 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 can be FFS.
Observation 1: UE can be pre-configured with ALL needed control information for UL grant-free transmission semi-statically.
Proposal 1: UE should be additionally pre-configured with dedicated code/power/spatial domain resources for UL grant-free transmission on shared time-frequency resources.


Figure 1 HARQ timing of UL grant-free transmission
Both UL grant and ACK/NACK can be used to control HARQ timing of UL grant-free transmission. First of all, we assume UL grant has higher priority to HARQ timing than ACK/NACK feedback. That means UL grant can change HARQ timing deduced from the on-going ACK/NACK feedback at any time. Next we only discuss the ACK/NACK feedback based HARQ timing.
As an example, HARQ timing of UL grant-free transmission is shown in Figure 1. In this example, K=5 is assumed for K-repetition, denoted by 5 green boxes. At time t UE can get the ACK/NACK feedback corresponding to the first repetition. A time window tw(i,j) is used for TB i and window j. 
The start time of the time window tw(*,1) is the time instant of UE getting the ACK/NACK feedback corresponding to the first repetition. The end time of the time window tw(*,1) is the time instant of UE starting the transmission of the last (fifth) repetition. For the one case, during the time window tw(*,1), when the gNB detects a data successfully, it would send ACK to the transmitting UE and the UE will immediately stop the on-going K-repetition transmission. Then the UE can trigger another K-repetition transmission at slot/mini-slot 2 or later, denoted by 5 blue boxes. For another case, during the time window tw(*,1), when the gNB detects a UE and a collision,  it would send NACK to the transmitting UE ASAP and the UE will immediately stop the on-going K-repetition transmission to avoid further collision. In general, the NACK is only sent to the UE with K-repetition transmission is starting rather than the UE with K-repetition transmission is going on. After a pause, the UE who got NACK can trigger the K-repetition retransmission at slot/mini-slot 5 or later, denoted by 5 red boxes.
The start time of the time window tw(*,2) is the end of tw(*,1). The time window tw(*,2) continues a duration. The duration can be defined according to the latency requirements. In most cases, it will not be longer than t plus a slot/mini-slot. For the one case, during the time window tw(*,2), when the gNB detects a data successfully, it would send ACK to the transmitting UE and the UE will initialize a new grant-free transmission at a preconfigured resources. For another case, during the time window tw(*,2), when the gNB detects a data error, it would send NACK to the transmitting UE and the UE will trigger a grant free re-transmission at a preconfigured resources.
When the gNB cannot detect the identity of a transmitting UE, no HARQ feedback will be received by the UE during the time windows tw(*,1) and tw(*,2) from the gNB. After tw(*,2), the UE should be able to autonomously trigger a grant free re-transmission at a preconfigured resources, denoted by 5 white boxes.
For the ACK/NACK feedback, only one bit is used for one TB during one time window. Multiple bits for multiple TB should be multiplexed. Multiplexing is FFS.
Observation 2: There is a time window during which A NACK feedback cannot trigger an immediately retransmission because a collision may occur.
Proposal 2: The UE received a NACK feedback during a preconfigured time window should pause its UL grant free transmission for a preconfigured time.
A UE may be configured with a dedicated DMRS on a shared resource to enable both UE detection and data demodulation [1]. Here we evaluate the miss detection probability and false alarm probability of the DMRS to determine its feasibility for UE detection.
The simulation assumptions are given as following. The carrier frequency is 4GHz. A PUSCH allocation of 6 PRBs is used on a 20MHz system bandwidth with subcarrier spacing of 15KHz. UE is equipped with 1 antenna and gNB is equipped with 4 antennas. The channel model is TDLA. The UE mobile speed is 3km/h. Perfect synchronization between gNB and UE is assumed. As in LTE, the UE’s DMRS is transmitted on a dedicated OFDM symbol and on the frequency domain resources occupied by the UE’s PUSCH. Zadoff-Chu (ZC) sequence is used to construct DMRS. Different UEs use different cyclic shifts of the same root ZC sequence. So DMRS sequences for different UE are almost orthogonal. Here the length of ZC is set to be 71. The activation detection method is to calculate the correlation between the received DMRS sequence with multiple candidate DMRS sequences at the receiver and to compare the correlation with a threshold. We choose a proper threshold which is corresponding to a fixed and expected false alarm.
The LLS simulation results are shown in Figure 2, including miss detection in Figure 2 (a) and false alarm in Figure 2 (b). From the figure, we can see that the DMRS based UE activation detection could support UL grant-free transmission.
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                                  (a) Miss detection probability                                                                            (b) False alarm probability
Figure 2 Performance of DMRS based UE activation detection
Observation 3: DMRS based UE activation detection could support URLLC UL grant-free transmission.
Proposal 3: DMRS is used for UE activation detection in URLLC UL grant-free transmission.
Conclusion
In this contribution, we discuss UL grant-free transmission scheme for URLLC with the following proposals:
Observation 1: UE can be pre-configured with ALL needed control information for UL grant-free transmission semi-statically.
Proposal 1: UE should be additionally pre-configured with dedicated code/power/spatial domain resources for UL grant-free transmission on shared time-frequency resources.
Observation 2: There is a time window during which A NACK feedback cannot trigger an immediately retransmission because a collision may occur.
Proposal 2: The UE received a NACK feedback during a preconfigured time window should pause its UL grant free transmission for a preconfigured time.
Observation 3: DMRS based UE activation detection could support URLLC UL grant-free transmission.
Proposal 3: DMRS is used for UE activation detection in URLLC UL grant-free transmission.
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