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Discussion
1      Introduction
In RAN1#87, the following agreements were achieved for URLLC to support grant-free transmission.
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 last NR Ad Hoc meeting, UL grant-free transmission was extensively discussed [1]–[8] and the followings were agreed.

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

· 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 give our views on UL grant-free transmission to support URLLC.
2      Resource configuration
In grant-based transmissions, UE sends a scheduling-request before it is allowed to transmit data packets in the subsequent data frames. This leads to excessive latency. As was agreed, UL grant-free transmission scheme is supported for URLLC. Grant-free transmission is effective in latency reduction since the latency related to the transmission of SR and UL grant can be removed.
The resources for UL grant-free transmission can be semi-statically allocated or shared among multiple uses. For semi-static resource allocation, dedicated resources are reserved for URLLC users. The basic principle is similar with Semi-Persistent Scheduling (SPS) is LTE, where the transmission opportunities are pre-configured with a periodicity. The semi-static resource allocation is beneficial for periodic small packet traffic. However, for aperiodic traffic, significant amount of reserved resources may be wasted. Therefore, in order to improve the resource utilization, contention based UL transmission with resources shared among multiple uses can be considered. For contention based UL transmission, a resource pool can be configured for multiple users. The configuration could be through RRC signalling. For the cases that multiple UEs are configured with the same resources, the transmission is based on contention and there might be collisions among UEs. In order to fulfil low collision rate, the resources for data transmission shall be carefully configured by taking various aspects into consideration, including the traffic load, traffic pattern and so on.
In comparison, dedicated resource allocation can avoid transmission collision but the resource utilization can be reduced; while contention based transmission can improve resource utilization but the transmission collision is inevitable. Thus, in order to achieve efficient resource utilization and minimize resource waste, we propose hybrid contention based UL transmission.
In hybrid contention based UL transmission scheme, resources for URLLC can be divided into two parts. One part is dedicated resources and the other part is a resource pool. The dedicated resources are reserved with minimal size to support very small packet transmission. The dedicated resources can be semi-statically configured through RRC signaling. The resource pool can be shared among multiple uses. When a URLLC user need UL transmission, the user can determine whether adopt the dedicated resource only or both the dedicated resource and the resource pool according to the packet size. If the packet is small enough, the user can adopt the dedicated resource only for UL transmission. In this case, no collision could happen. Otherwise, the user can adopt both the dedicated resource and the resource pool for UL transmission. In this case, collision happens in partial resources. This hybrid contention based UL transmission scheme can avoid transmission collision while improve resource utilization.
Proposal 1: Hybrid contention based UL transmission is supported for URLLC.
3      HARQ operation
For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms. To achieve the requirements of latency and reliability, the effectiveness and the efficiency of HARQ is very important. Collisions are inevitable for grant-free transmission when physical resources are shared among multiple users. In order to improve the reliability, the retransmission should be grant-based to avoid collision in frequency and/or time domain.
Proposal 2: Grant-based retransmissions should be supported for uplink grant-free transmissions for URLLC.
The HARQ operation in LTE needs round-trip time to receive the ACK/NACK before proceeding with the next HARQ transmission attempt. It is well understood that it is challenging to achieve the requirements of latency and reliability with HARQ operation in LTE. 

One approach to address the issue is rateless HARQ [9]. Compared with the legacy HARQ operation that uses multiple round-trips for retransmissions, rateless HARQ allows the user to re-transmit without delay needed for ACK/NACK reception. The user would continuously transmit its message until it receives an ACK message. The reception of the ACK is used to terminate the transmission. The difference from legacy HARQ would be that if an ACK has not been received, the user is not required to wait in order to proceed with the next HARQ attempt. Rateless HARQ can reduce latency while maintain the reliability.
Proposal 3: Rateless HARQ can be considered for uplink grant-free transmissions for URLLC.
4      Conclusions
In this contribution, the resource configuration and HARQ operation for UL grant-free transmission are discussed. We have following proposals:
Proposal 1: Hybrid contention based UL transmission is supported for URLLC.
Proposal 2: Grant-based retransmissions should be supported for uplink grant-free transmissions for URLLC.
Proposal 3: Rateless HARQ can be considered for uplink grant-free transmissions for URLLC.
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