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1.
Introduction
In the previous RAN1 meetings, uplink grant-free URLLC transmissions have been discussed and will be supported in NR according to the following agreements.

RAN1#87 Agreements [1]:
· 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
RAN1 NR AH#1 Agreements [2]:

· 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
These agreements suggest that semi-static resource configuration is supported for uplink grant-free URLLC transmissions, and the configured resources can be UE-specific or be shared by multiple UEs. These agreements also suggest that repetition transmissions can be supported in uplink grant-free URLLC. To make all these functions practicable, in this contribution, we discuss potentially necessary design details for uplink grant-free URLLC transmissions.   

2.
Issues in Semi-Statically Configured Resources 
As per previous agreements in RAN1, semi-static resource configuration can be UE-specific (i.e., resources are semi-statically configured for each UE) or be shared by multiple UE. When the number of UEs with URLLC traffic is small, then UE-specific resource configuration can be an effective scheme to guarantee each UE has opportunity to upload URLLC traffic without grant. However, as the number of UEs with URLLC traffic is large, a large amount of resources may be involved if UE-specific resource configuration is adopted. Due to the sporadic nature of URLLC traffic, each UE may not always have URLLC data to be transmitted at each configured resource occasion, which may lead to low resource utilization. To support a large number of UEs with URLLC traffic, semi-statically configuring a pool or multiple pools of resources shared by multiple UEs for uplink grant-free transmissions can be a feasible scheme. Due to the sporadic nature of URLLC traffic, multiple UEs may not have URLLC data to be transmitted at the same time, and therefore the congestion in a pool or multiple pools of resources may not be severe. However, if a pool or multiple pools of resources are shared by multiple UEs for grant-free uplink URLLC transmissions, the following issues should be addressed.

1. How does a gNB know which UE transmits URLLC data at configured pool(s) of resources?

Through detecting power level or UE-specific DMRS or other sequences/preambles at the configured resources, a gNB may identify the presence of URLLC data at the configured resources. Nevertheless, since a pool or multiple pools of resources can be shared by multiple UEs, and each UE may not always transmit URLLC data at each resource occasion, a gNB may not be aware of which UE transmit URLLC data at a pool(s), even though an uplink URLLC transmission can be successfully detected. 

2. How much amount of URLLC data is transmitted from a UE at configured pool(s) of resources?
At the configured pool(s) of resources, a limitation can be imposed that each UE only can utilize a fixed amount of resources to transmit URLLC data. In this case, when a UE transmits URLLC data, a gNB clearly knows the amount of resources utilized by a UE, as this quantity is fixed. However, this limitation may not be feasible for all URLLC use cases. As there could be manifold URLLC applications, the amounts of data to 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 URLLC data to be transmitted, some other parts of URLLC data burst of a UE should be transmitted at the next resource occasion. This operation may harm the latency performance of URLLC. Therefore, allowing a UE to utilize different amount of resources in the configured pool(s) can be considered. 
3. Whether transmission repetition is performed for a URLLC transmission at configured pool(s) of resources?
As per previous agreements, K repetitions including initial transmission can be supported for uplink grant-free URLLC 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 URLLC data (e.g., a retransmission may be with a higher priority than that of a new transmission). On the other hand, a UE is the transmitter in uplink URLLC transmissions, and therefore a UE may be aware of the QoS requirement of the arriving URLLC data (through signaled by upper layers), such as more emphasizing on latency performance or more emphasizing on reliability performance. For a sort of URLLC 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 URLLC 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 URLLC transmission at the configured pool(s) of resource.  
4. Which MCS is adopted to transmit URLLC? 

Generally, transmissions of URLLC traffic should both satisfy latency and reliability requirements. Thus, it may assume that the most conservative MCS should be adopted for grant-free URLLC to meet the reliability constraint. Nevertheless, as mentioned above, some URLLC applications may emphasize more on latency. If these URLLC 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 URLLC 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 the configured pool(s) of resources.     
5. Where are the “locations” of resources utilized by a URLLC transmission?
There can be two possible modes for multiple UEs to share the configured pool(s) of resources:

· Mode 1. 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 URLLC data at the configured pool(s), one or multiple patterns are utilized for URLLC transmission. 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 URLLC traffic from multiple UEs is small, but they may lead to severe congestion if the volume of URLLC traffic from multiple UEs is small. Partially orthogonal patterns may accommodate a larger volume of URLLC by allowing a certain level of interference among UEs. For both orthogonal or partially orthogonal patterns, each UE may utilize an integer number of patterns to carry URLLC data, even though the traffic volume of URLLC 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.   
· Mode 2. There are no specific patterns for resource utilization in the configured pool(s), and each UE is able to select resources on its own in the configured pool(s). In this mode, each UE is able to utilize an exact amount of resources (with or without K repetitions) in the configured pool(s). This mode may maximize the accommodation of URLLC with congestion at each resource around the same level of the slotted Aloha scheme.
Whether Mode 1 or Mode 2 can be supported for grant-free URLLC can be further studied. If Mode 1 is supported (orthogonal patterns or partially orthogonal patterns), then 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. For Mode 1, 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). On the other hand, if Mode 2 is supported, then a UE should inform a gNB about the amount and location of utilized/selected resources in the configured pool(s).  

6. Whether the present URLLC transmission is a retransmission or a new transmission?

When a previous URLLC uplink transmission is failure (e.g., a NACK message sent by a gNB is received by a UE or no ACK/NACK message is received by a UE), 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 URLLC transmission in the configured pool(s) is a retransmission, to avoid the ambiguity between a retransmission or a 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.  

To signal a gNB above information, a control channel for uplink grant-free URLLC 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 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 URLLC 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: When a UE performs transmission at the semi-statically configured pool(s), a UE should signal a gNB its identity. Such an identity notification is performed explicitly (e.g., using an ID of a UE) or implicitly (e.g., using UE-specific DMRS, preamble, or other sequences) can be FFS.

Proposal 2: A UE determining the amount of resources to utilize in the configured pool(s) can be considered.

Proposal 3: A UE determining K repetitions in the configured pool(s) can be considered.

Proposal 4: A UE determining MCS in the configured pool(s) can be considered.

Proposal 5: A UE determining the number and/or index of the resource patterns in the configured pool(s) can be considered, if a pattern based design is supported.
Proposal 6: A UE determining the locations of resources in the configured pool(s) can be considered, if there is no pattern based design.

Proposal 7: A UE leveraging the semi-statistically configured pool(s) of resources to perform retransmission can be considered.

Proposal 8: At least a control channel for uplink grant-free URLLC transmission in the semi-statically configured pool(s) should be supported. This control channel transmitted by a UE may carry following information.

· ID of a transmitter UE (if identity notification is performed explicitly)

· Number and/or index of utilized patterns (if pattern based design is supported)

· Amount and locations of utilized resources (if there is no pattern based design)

· MCS of the URLLC transmission

· K repartitions

· An indicator indicating whether a transmission is a retransmission or a new transmission

· An indicator indicating the associated HARQ process if a retransmission is performed

3.
Control Channel Design for Uplink Grant-Free URLLC
In this section, we continue the discussion on the design of control channel for uplink grant-free URLLC at the configured pool(s). When multiple UEs sharing a pool(s) of resources, collisions may occur if more than one UEs utilize the same resource. Since control channel carries crucial information regarding data transmissions, collisions among control channels transmitted by different UEs should be avoided. For this purpose, each UE selects resources on its own to transmit control channel may not be feasible, and the UE-specific resources of control channels can be configured by a gNB within the configured pool(s) which can be the same or different pool(s) of URLLC data transmission. Generally, a UE may transmit control information only if this UE has grant-free URLLC data to be transmitted. Due to the sporadic nature of URLLC traffic, a UE may not always have URLLC data to be transmission at each available configured resource occasion. As a result, a UE may not always need resources for URLLC control channel at each available configured resource occasion. However, a gNB may not be aware of the moment when URLLC data arrives at a UE, and therefore a gNB may not know whether a UE may perform grant-free uplink transmission at the configured pool(s). To avoid the case that a UE wishes to transmit URLLC data at the configured pool(s) but the resources to transmit control channel are not configured, a feasible scheme can be that a gNB semi-statically configures resources for control channel transmission to each UE if a URLLC service of a is activated. An operating example can be as follows. When a URLLC service of a UE is activated (at higher layers) and this URLLC service may last several minutes or hours, this UE then informs a gNB about this event. When a gNB is informed, then a gNB semi-statically configures resources for URLLC control channel to this UE. Even a URLLC service is activated, a UE may not have URLLC data to be transmitted all the time. As a result, even though resources are configured for URLLC control channel transmission to a UE, a UE only transmits URLLC control channel when this UE has URLLC data to be transmitted.

Proposal 9: UE-specific resources of control channels can be semi-statically configured by a gNB within the configured pool(s) which can be the same or different pool(s) of URLLC data transmission.

To facilitate a gNB to detect control information, the format and size of control channel at each control channel transmission occasion for each UE can be specified. To enhance the reliability of control channel transmission, transmission repetition can be applied, and the repetition scheme can be predetermined or pre-configured. The MCS and transmission power boost of control channel also can be predetermined or pre-configured.       
Proposal 10: The format and size of control channel at each control channel transmission occasion for each UE can be specified.
Proposal 11: Repetition, MCS, power boost of control channel transmission can be predetermined or pre-configured.

Since the content of control channel is critical for UE identification and uplink data detection, a mechanism for avoiding control channel collision while using reasonable amount of control resources for UL grant-free transmission should be taken into account in view of the efficiency balance between control channel detection reliability and resource utilization rate. In this case, gNB may reserve several set of orthogonal control resource units, all the control resource units are not shared with uplink data channel and the number of control resource units is far less than activated URLLC UEs. For each control resource unit, it can be associated with a group of DM-RS sequences for control channel and/or data channel demodulation. Considering decent detection rate and limited sequence length, the number of DM-RS sequence is also far less than activated URLLC UEs. Upon URLLC traffic arrives, UE can autonomously choose one of control resource units having better channel condition and randomly select one of DM-RS sequence to constitute an uplink control channel.  At the receiving side, gNB can locate the utilized uplink control resource by monitoring the existence of any DM-RS sequences and then blindly detect transmitted DM-RS. After channel estimation using detected DM-RS, uplink control channel is demodulated, and the UE-ID and relevant information for uplink data demodulation are derived accordingly. Due to sporadic uplink traffic of URLLC, the possibility that UEs selecting the same DM-RS sequence under same control resource unit is very rare. Aforementioned mechanism can also be applied while substituting DM-RS sequence with preamble sequence. 

Other quality relevant control information such as transmission priority or buffer status report can also be carried in uplink control channel. gNB can reconfigure assigned resource pool and other quality relevant parameters with respect to indicated traffic type or priority. For example, resource pools or DM-RS sequences with less collision probability or more robust MCS candidates can be assigned to higher priority URLLC UEs. For UEs with larger traffic loads which cannot be accommodated in any pre-configured resource pattern, buffer status report can be additionally carried in uplink control channel. In addition, channel sensing can be performed in advance to avoid possible collisions with other URLLC UEs in control or data channel, the channel sensing or measurement results can be shared with gNB for resource configuration reference using uplink control channel.      
4.
Conclusion
In this document, the following proposals are therefore provided.
Proposal 1: When a UE performs transmission at the semi-statically configured pool(s), a UE should signal a gNB its identity. Such an identity notification is performed explicitly (e.g., using an ID of a UE) or implicitly (e.g., using UE-specific DMRS, preamble, or other sequences) can be FFS.

Proposal 2: A UE determining the amount of resources to utilize in the configured pool(s) can be considered.

Proposal 3: A UE determining K repetitions in the configured pool(s) can be considered.

Proposal 4: A UE determining MCS in the configured pool(s) can be considered.

Proposal 5: A UE determining the number and/or index of the resource patterns in the configured pool(s) can be considered, if a pattern based design is supported.
Proposal 6: A UE determining the locations of resources in the configured pool(s) can be considered, if there is no pattern based design.

Proposal 7: A UE leveraging the semi-statistically configured pool(s) of resources to perform retransmission can be considered.

Proposal 8: At least a control channel for uplink grant-free URLLC transmission in the semi-statically configured pool(s) should be supported. This control channel transmitted by a UE may carry following information.

· ID of a transmitter UE (if identity notification is performed explicitly)

· Number and/or index of utilized patterns (if pattern based design is supported)

· Amount and locations of utilized resources (if there is no pattern based design)

· MCS of the URLLC transmission

· K repartitions

· An indicator indicating whether a transmission is a retransmission or a new transmission

· An indicator indicating the associated HARQ process if a retransmission is performed
Proposal 9: UE-specific resources of control channels can be semi-statically configured by a gNB within the configured pool(s) which can be the same or different pool(s) of URLLC data transmission.
Proposal 10: The format and size of control channel at each control channel transmission occasion for each UE can be specified.
Proposal 11: Repetition, MCS, power boost of control channel transmission can be predetermined or pre-configured.
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