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Introduction
At the RAN1 #87 meeting [1], the following agreements regarding UL grant-free transmission were achieved for UL 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



At the RAN1 NR Ad-Hoc Jan. meeting, the following agreements were achieved:
Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
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· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point



In this contribution, we provide our views on UL transmission and retransmission for URLLC.. 

UL transmission for URLLC
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Uplink grant-free transmission
Conventionally, dynamic scheduling by gNB provides frequency selective gain and high robust performance. For dynamic scheduling, transmission of scheduling request and/or buffer status report (BSR) would be necessary in order for gNB to acquire enough information of UL buffer. However, transmission of such information demands large latency. Especially for the case UL traffic with small packets where each packet can be transmitted by one transmission, the transmission procedure starting from SR/BSR is not beneficial for latency reduction. To meet the requirement of latency for URLLC, dynamic scheduling without full information on UL buffer, e.g. without SR/BSR at gNB may be needed. For this, gNB needs to schedule a UE onto every TTI (pre-scheduling) since gNB has limited information on UL buffer status of the UE. However, in this case, transmission of scheduling information would result in large signaling overhead. 
UL grant-free transmission is beneficial for reduction of both signaling and latency. In RAN1 #87 NR Ad-Hoc meeting, UL grant-free transmission with semi-static resource configuration is supported for URLLC. In order to meet the latency requirement of URLLC, resources for UL grant-free transmission need to be reserved in sufficiently short periodicity, e.g. every TTI. However, UE buffer could be empty for most of the TTIs depending on the packet arrival rate of UE, thus it results in low resource utilization. Therefore, uplink skipping where UE can skip its uplink transmission if UE buffer is empty can be considered to avoid unnecessary UL transmission.
Proposal 1:  UL SPS with UL transmission skipping could be the baseline for URLLC UL grant free transmission.
Switching from grant-free transmission to grant-based transmission
On the other hand, significant amount of UL resource can be wasted for SPS if orthogonal resources are reserved for each UE. To improve the resource utilization, allowing collision/contention among UL transmissions can be considered. In case of contention, gNB may fail to decode the UL data of the collided UEs. In order to resolve significant performance degradation due to contention, a retransmission can be scheduled by an UL grant. 
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Figure 1: An example of switching from grant-free transmission to grant-based retransmission
Once contention happens, there are two different results due to contention.
· Case 1: UE is successfully identified but UL data is failed to decode
· Case 2: UE identification is failed
For Case 1, gNB is aware of UL grant-free transmission based on the UE identification. This can be realized by ensuring high probability of successful UE identification at gNB. Once UE is identified at gNB, gNB can schedule the retransmissions for the collided UEs by UL grant. For Case 2, gNB fails to decode the data nor the UE identification. In this case, gNB is not aware of UE grant-free transmission and no grant or signaling will be feedback to UE. Therefore, UE retransmits the data without UL grant by following the grant-free transmission configuration. 
Proposal 2: In case that gNB successfully identifies which UE has transmitted the UL grant-free data while it fails to decode the UL data, retransmission can be scheduled by UL grant.
UE identification
To facilitate switching from grant-free to grant-based transmission, robust UE identification during grant-free transmission should be ensured. The reliable transmission of UE identification is critical to the delay and reliability requirements of UL grant-free transmission for URLLC. Without reliable UE identification, gNB cannot know who is transmitting UL data and when the retransmission occurs. 
UE identification could be realized by reliable RS (or preamble) transmission, e.g. orthogonal RS for different UEs. The reliability of UE identification based on RS is depending on the number of orthogonal RSs and the arrival rate of URLLC traffic for a given contention resource. Therefore, increasing amount of RS resources/lengths is beneficial to improve the reliable detection performance of UE identification. If orthogonal RS can be configured for each UE, sufficient reliability is expected. However, large number of RS shall be needed to ensure the orthogonality of RS. An alternative is that shared RS can be configured for UE group. Although there is unavoidable RS collision, the necessary number of orthogonal RS can be smaller. 
Proposal 3: Reliable identification should be ensured for UL grant-free transmission.
Proposal 4: UE identification based on RS transmission should be further investigated.

Conclusion
In this contribution, we discussed the UL transmission and retransmission for grant-free for URLLC. Observations and proposals are summarized below.

[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Proposal 1:  UL SPS with UL transmission skipping could be the baseline for URLLC UL grant free transmission.
Proposal 2: In case that gNB successfully identifies which UE has transmitted the UL grant-free data while it fails to decode the UL data, retransmission can be scheduled by UL grant.
Proposal 3: Reliable identification should be ensured for UL grant-free transmission.
Proposal 4: UE identification based on RS transmission should be further investigated.
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