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1 Introduction
Uplink grant-free transmission has been proposed for NR to reduce the latency of URLLC services. In the grant-free scheme, multiple UEs share resources that have been pre-configured for transmission. A UE can transmit its uplink data on these resources without requiring a prior request (SR/RACH/BSR), thereby improving its transmission latency.
The following agreements have been made for uplink grant-free transmission for NR [1]:
Agreements on grant-free
=>	From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE.  Mechanism to identify the UE for collision resolution purpose may be needed.   The details can be discussed in RAN1.  

In this contribution, we study the requirements of the grant-free scheme and present some proposals on the UE behaviour.
2 LC restrictions for grant-free uplink transmissions
It is likely that the grant-free resource is contention based and shared between multiple UEs. As more UEs try to use the resource at the same time, the probability of collisions increases leading to degraded reliability (and latency, if retransmissions are required). For ultra-reliable low-latency transmissions, it is therefore important to minimize collisions .
Observation 1: A low collision rate in grant-free transmission is important for URLLC.
Collisions could be reduced by placing restrictions on the usage of grant-free resources. A UE should only use grant-free resources when necessary, as determined by the latency requirements of the data to be transmitted. If the uplink data does not have strict latency requirements, it is better to avoid using the grant-free scheme.
Proposal 1: Grant-free resources are only used for the transmission of data with strict latency requirements.
Differences between the QoS characteristics of data such as its latency requirements have typically been modeled with the use of different logical channels. This model could be used for the restriction of data transmission on grant-free resources as well. Only logical channels that carry time-sensitive information would be allowed to transmit using the grant-free scheme.
Proposal 2: Restrictions on grant-free resource usage are based on the logical channel configuration of the UE.
3 Switching between grant-free and grant-based transmissions
The periodicity and size of the grant-free resources are expected to be semi-statically configured. As the resources are reserved irrespective of whether they are used or not, semi-static configurations are expensive in terms of resource usage. Therefore with limited resource availability, it is likely that grant-free resources would be sized for small transport blocks. 
If the UE has a large amount of data in its uplink buffers scheduled for grant-free transmission, it would take a while to transmit the data using small grant-free resources. To reduce latency in this case, it would be better to switch to traditional grant-based transmission schemes with the UE requesting resources from the NW according to its need. Therefore a mechanism is needed in the UE to decide when to use grant-free resources and when to request grant-based resources for uplink transmissions.
Note that the buffer status here only refers to the data from logical channels that are allowed to use grant-free transmissions.
Observation 2: A mechanism to switch between grant-free and grant-based transmissions helps improve the latency of uplink data.
4 Threshold based switching
The factors to be considered when switching between grant-free and grant-based transmissions are:
1. The amount of data in the UE uplink buffer
2. The size of the grant-free transmission resource (N_grantfree)
3. The frequency of the grant-free transmission occasions (F_grantfree)
4. The time taken by the request mechanism prior to grant-based uplink transmissions (T_request)
Based on the factors above, a threshold could be configured such that:
1. If the amount of data in the UE uplink buffers is above the threshold, using a grant-based scheme to transmit data is latency-efficient
2. If the amount of data in the UE uplink buffers is below the threshold, using a grant-free scheme to transmit data is latency-efficient
As an example, the threshold value could be modelled on the basis on the equation below:
Threshold = { N_grantfree x F_grantfree } x { T_request }
The threshold would be determined by the network and the UE is informed of the value during grant-free configuration or re-configuration. If the amount of data in the uplink buffer(s) of the UE is above the threshold, the UE transmits a BSR MAC CE in the next grant-free transmission opportunity. If the amount of data in uplink buffer(s) of the UE is below the threshold, it uses grant-free resources for uplink transmission without indicating a BSR to the network. 
The presence of the BSR acts as a request for a grant. On receiving the BSR, the NW could decide to allocate a grant to the UE to transmit the remaining data in its buffers. The buffer size value in the BSR would be used to indicate the size of the grant required by the UE. 
Two example scenarios based on the threshold approach for uplink transmissions have been illustrated below: 
Case 1:  Requesting dynamic grant and;
Case 2: Using grant-free resources without requesting dynamic grant


Figure 1: Examples for switching between dynamic grant and grant free transmissions
The transmission of the BSR does not preclude other data from being transmitted. If space remains in the grant-free transport block (TB), the UE could use it to send data in addition to the BSR. Once the BSR is sent, the UE could either wait for a dynamic grant from the NW or could continue to use the grant-free resources to transmit data. 
Proposal 3: BSR trigger which is based on a threshold set by the network is used to switch between grant-free and grant-based transmissions of low latency data.
5 Conclusions
In this submission, we take a closer look at grant-free transmissions and make the following observations:
Observation 1: A low collision rate in grant-free transmission is important for URLLC.
Observation 2: A mechanism to switch between grant-free and grant-based transmissions helps improve the latency of uplink data.
Based on the observations above, we make the following proposals to RAN2:
Proposal 1: Grant-free resources are only used for the transmission of data with strict latency requirements.
Proposal 2: Restrictions on grant-free resource usage are based on the logical channel configuration of the UE.
Proposal 3: BSR trigger which is based on a threshold set by the network is used to switch between grant-free and grant-based transmissions of low latency data.
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