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Introduction
In RAN1#86bis, the following agreement was reached on support of UL URLLC transmission.
Agreements:
· Consider further the tradeoffs for meeting URLLC requirements for the following.
· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission
· Other solutions are not precluded
In RAN1#87, the following agreement was reached on support of UL grant-free transmission for URLLC. 
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 RAN1 NR ad-hoc meeting, the following agreement was reached on support of retransmission for URLLC [1].
Agreements:
· 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
In this contribution, we discuss UL grant-free transmission scheme for URLLC.
Discussion
In order to support UL grant-free transmission, the time-frequency resources for UL grant-free transmission should be informed to the UE beforehand. Typically, the time-frequency resources can be informed semi-statically or dynamically. For dynamic indication, gNB can dynamically change the time-frequency resource size and location while the UEs need to keep monitoring the dynamic indication. Although dynamic indication can achieve better flexibility at the cost of higher resource overhead and UE power consumption, it is not clear how gNB can properly adjust the time-frequency resources given the fact that the UL packet arrival is unpredictable at gNB side. In addition, if UE fails to decode the dynamic indication, UE would initiate UL grant-free transmission on different time-frequency resources from that configured by gNB. The UL grant-free transmission itself will fail and will cause interference to other UL transmission on the same time-frequency resources. Dynamic indication can be repeated to achieve better reliability. However, the resource overhead increases and the delay of UL grant-free transmission may increase as well. Therefore, it is preferred to support semi-static time-frequency resource configuration only.
Proposal 1: The time-frequency resources for URLLC UL grant-free transmission is pre-configured to the UE semi-statically.
It is up to gNB to configure dedicated or shared time-frequency resources for the UE. For example, when the traffic load is low and/or the URLLC traffic is periodic, gNB may configure dedicated time-frequency resources for the UE to avoid potential collision. However, if the traffic is aperiodic, the overhead of dedicated time-frequency resource configuration may be too high. In order to better utilize the physical resources, gNB may pre-configure same time-frequency resources for multiple UEs. Then collision may happen when multiple UEs initiate UL grant-free transmission at the same time.
If UE is pre-configured with dedicated reference signal, reference signals can be used to identify UEs on shared time-frequency resources. Furthermore, considering that the number of UEs configured with URLLC UL grant-free transmission on the same time-frequency resources is typically limited, it is proposed to consider orthogonal reference signals as a starting point for better detection performance.
Proposal 2: UE is pre-configured with dedicated reference signal for URLLC UL grant-free transmission, and orthogonal reference signal is considered as a starting point.
When collision happens, reference signals can be used for UE activation detection and channel estimation. However, the data from multiple UEs superposed together may or may not be decodable at gNB side depending on the number of gNB Rx antenna, the number of collision 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 code domain separation of the UEs transmitted on the shared time-frequency resources. Similarly to reference signal configuration, considering that the number of UEs configured with URLLC UL grant-free transmission on the same time-frequency resources is typically limited, it is proposed to pre-configure dedicated code resource for the UE to avoid potential collision of codes if the code resource is randomly selected by UEs. In addition, with fixed association between reference signal and code resource, the decoding complexity at gNB side can be largely reduced. The detail of code design can be FFS.
Proposal 3: UE can be additionally pre-configured with dedicated code domain resource for URLLC UL grant-free transmission where the detail of code design is FFS.
It is obvious that it is challenging to achieve the target requirements of URLLC case (e.g., BLER of 10-5 and latency < 1ms). In UL grant free transmission for URLLC, how to make a tradeoff between high reliability and low latency is a key issue. One way to guarantee high reliability is multiple repetitions/re-transmissions, but it will results in more latency. Therefore, the effectiveness and the efficiency of re-transmissions are also very important. In addition, it is critical to maximize the diversity for URLLC transmission in as less as re-transmission times. As time diversity of multiple repetitions cannot be achieved under low latency requirement, frequency diversity and interference random are the mainly source for BLER gain. Hence, grant-free URLLC UL transmission should support frequency hopping between initial transmission and re-transmissions.
Proposal 4: Grant-free URLLC UL transmission should support frequency hopping between initial transmission and re-transmissions.
For UL URLLC grant-free transmission, the unavoidable collision when multiple UEs initiate transmission will cause fail detection of gNB. Two cases are considered as fail detection, one is gNB fails to UE activation detection, and the other is gNB succeeds to UE activation detection but fails to receive the data. For former, UE should be able to autonomously trigger a grant free re-transmission at a predefined time at the preconfigured resource or random resource as nothing feedback received from gNB which failed to detect anything. For the latter, UE may listen to a UL scheduling grant and re-transmit the data with an appropriate MCS and physical resource. In that case UE could reduce collision and increase success detection rate. Hence, low latency can also achieved by grant based re-transmission. Therefore, both grant free and grant based re-transmission should be taken into consideration for URLLC UL grant-free transmission.
Proposal 5: Both grant free and grant based re-transmission should be taken into consideration for URLLC UL grant-free transmission.

Conclusion
In this contribution, we discuss UL grant-free transmission scheme for URLLC with the following proposals.
Proposal 1: The time-frequency resources for URLLC UL grant-free transmission is pre-configured to the UE semi-statically.
Proposal 2: UE is pre-configured with dedicated reference signal for URLLC UL grant-free transmission, and orthogonal reference signal is considered as a starting point.
Proposal 3: UE can be additionally pre-configured with dedicated code domain resource for URLLC UL grant-free transmission where the detail of code design is FFS.
Proposal 4: Grant-free URLLC UL transmission should support frequency hopping between initial transmission and re-transmissions.
Proposal 5: Both grant free and grant based re-transmission should be taken into consideration for URLLC UL grant-free transmission.
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