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1. [bookmark: _Ref298777854]Introduction
The grant free transmission has been agreed for the uplink (UL) of the New Radio (NR) access technology for URLLC and mMTC services. Latency is an important KPI for URLLC, and for mMTC, support of massive number of devices per unit area (support connection density of 1,000,000 device/km2) [1] is important. Several 3GPP RAN1 contributions have studied the UL grant free transmission on terrestrial networks. More studies should be performed to enhance the grant free transmission and to support it on non-terrestrial networks (e.g., satellite). This contribution discusses more on grant free transmission specially on non-terrestrial networks (e.g., satellite). 
1. Discussion
[bookmark: _GoBack]The grant free (contention based) multiple access schemes have been widely studied in terrestrial networks. RAN1 has studied the grant free transmission mechanisms on the UL of NR for mMTC and URLLC services to fulfill the requirements of these services. More studies should be done about the details of the grant free transmission over UL of NR. Also, some studies need to be performed to evaluate the performance of the grant free mechanisms on non-terrestrial networks (e.g., satellite) that have different system characteristics. For instance, satellite links are characterized by long propagation delays (540 msec round trip time for GEO, and 6.44 msec for LEO), large maximum differential propagation delay (up to 6 msec in GEO for large beams with high altitude, and 1.34 msec for LEO), and large Doppler shift (570 Hz for GEO, and for LEO: 46 KHz at 2 GHz, 460 KHz at 20 GHz, and 690 KHz at 30 GHz) [3]. 
In RAN1 #88 meeting, the following agreements for UL grant free transmission was reached [2]:
Agreements:
· 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
Agreements:
· 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
This contribution discusses more on the UL grant free transmission specially over non terrestrial networks. 
Grant Free Transmission Enhancement
Two important parameters for a grant free (contention based) transmission are the “transmission probability” and the “amount of resources” for grant free transmission. It is well known that the performance of a grant free mechanism can be optimized by adjusting the “transmission probability” of each UE. Aggressive UEs (high transmission probability) will result in too many collisions, and therefore, in inefficiency. On the other hand, conservative UEs (low transmission probability) will also result in many empty resources, and therefore, again in inefficiency. In other words, very small or very large transmission probability will both result in inefficiency. The optimal values of “transmission probability” and the “amount of resources” for grant free transmission depend on the number of the UEs trying to transmit on the UL using grant free mechanism. 
If the gNB can broadcast “the number of successful grant free transmission” as well as “the number of collisions” occurred in each frame, then the gNB and the UEs can estimate the number of UEs involved in the grant free transmission, and therefore, can adjust the relevant parameters. 
Proposal 1: If the gNB can broadcast the number of collisions and idle resources in a frame, then the gNB can assign the optimal amount of resources and the UEs can estimate the optimal transmission probability for the grant free mechanism. 
Adaptation of Grant Free Transmission for Non Terrestrial Networks
Several non-orthogonal multiple access schemes have been presented in 3GPP RAN1 to support grant free transmission on NR UL (e.g, MUSA, RSMA, SCMA, PDMA, IDMA, IGMA, etc) [4]. However, these grant free access mechanisms were all studied on terrestrial NR network. All the studies were performed using the channel model and the characteristics of terrestrial links [5] [6]. 
Proposal 2: NR UL grant free transmission should also be studied using the non-terrestrial channel model (e.g., satellite), propagation delay, maximum delay difference, and Doppler shift. 
After study of grant free transmission on non-terrestrial networks (e.g., satellite), few adjustments in the mechanism may be needed for performance optimization. Several research works provide guidelines on how to optimize grant free mechanisms over satellite networks [7] or provided other random access schemes over satellite [8]-[11]. 
Observation 1: The UL grant free transmission schemes may require some adjustments for performance enhancement specially over non terrestrial networks (e.g. satellite). 
Optimization of UL Grant Free Transmission Parameters for Non Terrestrial Networks 
Another step to adopt the NR UL grant free transmission is to optimize the parameters for non-terrestrial networks (e.g., satellite). For instance, the round-trip propagation delay of a GEO satellite is very long (540 msec) compared to terrestrial networks. So, the UE should adjust the latency between consecutive packet retransmissions based on the link propagation latency and the service requirement. 
Also, the number of repetitions for the NR UL grant free transmission (“K”) may require optimization for non terrestrial networks (e.g., satellite) depending on the service type, the channel model and the propagation latency. 
Proposal 3: Study should be performed to optimize the NR UL grant free transmission parameters (e.g., the number of repetition, etc) for the non terrestrial networks (e.g., satellite). 
1. Summary
This contribution discusses more on the NR UL grant free transmission specially for non-terrestrial networks (e.g., satellite). The main proposals are summarized as follows:
Observation 1: The UL grant free transmission schemes may require some adjustments for performance enhancement specially over non terrestrial networks (e.g. satellite). 
Proposal 1: If the gNB can broadcast the number of collisions and idle resources in a frame, then the gNB can assign the optimal amount of resources and the UEs can estimate the optimal transmission probability for the grant free mechanism.
Proposal 2: NR UL grant free transmission should be studied using the non-terrestrial channel model (e.g., satellite), propagation delay, maximum delay difference, and Doppler shift. 
Proposal 3: Study should be performed to optimize the NR UL grant free transmission parameters (e.g., the number of repetition, etc) for the non terrestrial networks (e.g., satellite). 
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