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1.
Introduction
From previous meetings, uplink grant-free URLLC transmissions have been the starting point for NOMA study and different uplink grant-free transmission and detection strategy can be considered in NR according to the following agreements.

RAN1#93 Agreements:

· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.

· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
RAN1#94 Agreements:

· Consider mechanism to handle or mitigate the collision on MA signature/RS/resource, if needed

· FFS whether the number of configured MA signature/RS/resource from UE perspective can be 1 or multiple

· FFS whether multiple sets of MA signature/RS/resource can be configured to a UE

In this contribution, we share our view on NOMA uplink grant-free transmission procedure. Particularly, we discuss issues of currently UL grant-free transmission in NR as well as possibly enhancement including MA resource configuration and selection, retransmission and HARQ operation, MCS link adaptation. 
2.
Issues on NR UL grant free schemes 
Currently, two types of grant free UL transmission are specified in NR:

· Type I: UL transmission without grant is mainly based on RRC configuration. Resource allocation in time and frequency domain, MCS/TBS, DM-RS configuration, etc., are explicitly configured via RRC signalling.
· Type II: UL transmission without grant is based on a combination of RRC signalling and L1 activation and deactivation. Resource allocation and MCS/TBS and DM-RS configuration are indicated in the DCI
For uplink gran-free transmission in NOMA, above options can be served as a baseline. However, further enhancement is necessary when considering the support of various applications and services with different performance requirements.
When the number of UEs involved in UL transmission is small, then UE-specific resource configuration can be an effective scheme to guarantee each UE has opportunity to upload NOMA traffic without grant. However, as the number of UEs is large, i.e., when variety of use cases are involved, a pool or multiple pools of MA resources are likely to be shared by multiple UEs for UL grant-free transmissions. 
On the configured pool(s) of resources, a limitation can be imposed that each UE only can utilize a fixed amount of resources and using fixed signature to transmit UL data. In this case, gNB clearly knows the amount of resources and signature utilized by a UE, as these values are fixed. However, this limitation may not be feasible for all use cases. As there could be manifold NOMA applications, the amounts of data transmitted in each burst may also be different among applications. If the limitation that each UE only can utilize a fixed amount of resources at the configured pool(s), and if a UE has a large burst of UL data to be transmitted, some other parts of uplink data burst of a UE should be transmitted at the next resource occasion. This operation may harm the latency performance. Therefore, allowing a UE to utilize different amount of resources in the configured pool(s) can be considered. 
Observation 1: Allowing a UE to utilize different amount of resources in the configured pool(s) is beneficial for different applications
In Rel. 15 NR, K repetitions including initial transmission can be supported for uplink grant-free transmissions. Since a gNB is the receiver in uplink transmissions, K repetitions can be configured by a gNB based on (long-term or present) uplink channel quality of each UE. A gNB can also configure K according to the priority of UL data. On the other hand, a UE may be aware of the QoS requirement of the arriving UL data (through signaled by upper layers), such as more emphasizing on latency performance or more emphasizing on reliability performance. For a sort of UL data emphasizing on latency performance, if the size of each arriving data burst is large, then K may not be large. Instead, for this sort of data, a MCS with a higher data rate may be applied to complete the URLLC transmission as soon as possible at a limited amount of resources. For another sort of URLLC data emphasizing on reliability performance, if the size of each arriving data burst is small, then K can be large. As a result, allowing a UE having a certain level of degree of freedom to dynamically decide K can be considered. If this possibility is allowed, then a gNB may need to know K of a UL transmission at the configured pool(s) of resource.  
Observation 2: Allowing UE to determine K repetitions in the configured pool(s) is beneficial for latency and reliability tradeoffs.
For URLLC traffic in NR, both latency and reliability requirements need to be satisfied. Thus, it may assume that the most conservative MCS should be adopted to meet the reliability constraint. Nevertheless, as mentioned above, some other applications may emphasize more on latency and if these applications also generate a large amount of data in each data burst, adopting MCS with higher data rates may be needed. As a result, supporting different MCS for grant-free can be considered. MCS can be configured by a gNB or can be determined by a UE based on the present amount of arriving data burst. If MCS is determined by a UE, then a UE should inform a gNB about the adopted MCS at the configured pool(s) of resources.     

Observation 3: Allowing UE to determine MCS in the configured pool(s) can reflect actual channel conditions.
Regarding UEs to share the configured pool(s) of MA resources, a number of resource patterns are designed, and each resource pattern is associated with a set of contiguous/non-contiguous time-frequency resources within the configured pool(s). The “location” of each set of resources can be specified in the standard or be configured by a gNB. When a UE wishes to transmit uplink data at the configured pool(s), one or multiple patterns are utilized for uplink transmission. Depending on the multiple access scheme, all of these patterns can be orthogonal with each other (i.e., no resource is overlapped among all the patterns), or are partially orthogonal with each other (i.e., some resources of a pattern are overlapped with that of other patterns). Orthogonal patterns may mitigate interference among UEs if the volume of uplink traffic from multiple UEs is small, but they may lead to severe congestion if the volume of uplink traffic from multiple UEs is small. Partially orthogonal patterns may accommodate a larger volume of UEs by allowing a certain level of interference among UEs. For both orthogonal and partially orthogonal patterns, each UE may utilize an integer number of patterns to carry uplink data, even though the traffic volume to be transmitted from a UE does not fully occupy all the resources of these patterns. If K repetitions are configured by a gNB or autonomously determined by a UE, there may be an association (mapping) between repetition transmission and patterns.   
The locations of all patterns can be specified or configured by a gNB. Therefore, both a gNB and UEs may be aware of the locations of all patterns. If a UE can autonomously determine the amount of resources to be occupied in the configured pool(s), then a UE should inform a gNB about the utilized/selected number (and/or the index) of patterns in the configured pool(s).
Observation 4: Allowing UE to determine the number and/or index of the resource patterns in the configured pool(s) makes resource utilization more efficient. 
When a previous uplink transmission is failure, then a retransmission may be necessary if the latency constraint is not violated yet. For uplink retransmission, a gNB may schedule resources for a UE and inform a UE via NR-PDCCH. However, if the occasion of the semi-statically configured pool(s) of resources is present prior to the scheduled resources for retransmissions, a UE may perform retransmission at the semi-statically configured pool(s) of resources to obtain more opportunities for retransmission. In this case, a UE should notify a gNB that the present uplink transmission in the configured pool(s) is a retransmission, to avoid the ambiguity between retransmission and new transmission at the gNB side. If it is a retransmission, a UE may inform a gNB about the retransmission index (associated with a HARQ process) as well.  

Observation 5: A UE leveraging multiple semi-statistically configured pool(s) of resources to perform retransmission can reduce signaling overhead.

3.
Control Channel for Uplink Grant-Free URLLC Issues 
For UE’s flexibility to determine various suitable uplink parameters based on its own applications and to signal gNB above information, a control channel for uplink grant-free transmission in the semi-statically configured pool(s) should be supported. A UE may leverage a control channel to carry information to a gNB, which may include the ID of a transmitter UE, the MA signature used for data transmission, the number and/or the index of utilized patterns if Mode 1 is adopted, the amount and the locations of utilized resources if Mode 2 is adopted, MCS of the uplink transmission if a UE is able to determine MCS, K repartitions if a UE is able to determine K, an indicator indicating whether a transmission is a retransmission or a new transmission, and an indicator indicating the associated HARQ process if a retransmission is performed. As a summary of this section, we may have the following proposals for multiple UEs sharing the semi-statically configured pool(s) of resources.
Proposal 1: A control channel for uplink grant-free URLLC transmission in the semi-statically configured pool(s) should be supported, the details of control channel design is FFS. 
Proposal 2: The Control message transmitted by a UE may carry following information.

· UE ID
· Number and/or index of utilized resource patterns 

· MCS value
· Repartition number K
· Retransmission or a new transmission

· HARQ process
· MA signature for uplink data transmission
4.
Conclusion
In this document, the following proposals are therefore provided.
Observation 1: Allowing a UE to utilize different amount of resources in the configured pool(s) is beneficial for different applications
Observation 2: Allowing UE to determine K repetitions in the configured pool(s) is beneficial for latency and reliability tradeoffs.
Observation 3: Allowing UE to determine MCS in the configured pool(s) can reflect actual channel conditions.
Observation 4: Allowing UE to determine the number and/or index of the resource patterns in the configured pool(s) makes resource utilization more efficient. 
Observation 5: A UE leveraging multiple semi-statistically configured pool(s) of resources to perform retransmission can reduce signaling overhead.

Proposal 1: A control channel for uplink grant-free URLLC transmission in the semi-statically configured pool(s) should be supported, detailed design is FFS. 
Proposal 2: The Control message transmitted by a UE may carry following information.

· UE ID
· Number and/or index of utilized resource patterns 

· MCS value
· Repartition number K
· Retransmission or a new transmission

· HARQ process
· MA signature for uplink data transmission
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