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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 AH_NR2 meeting, the following agreements on grant-free resource configuration were achieved for URLLC [1]:
Agreements:
· Type of UL data transmission without grant
· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signaling 
· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signaling to activation/deactivation for UL data transmission without grant
· Note: functionality of modification is achieved the L1 signaling by activation
· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signaling to modify some parameters configured by RRC but no L1 signaling for activation
· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 
· FFS the reliability issues for L1 signaling.
· For Type 1 UL transmission without UL grant, the RRC (re-)configuration includes at least the following
· Periodicity and offset of a resource with respect to SFN=0 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· Note: 
· one TB is mapped to a resource at least consisting of time/frequency-domain resource
· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI
· An MCS/TBS value
· Number of repetitions K
· Power control related parameters
· FFS HARQ related parameters
· FFS if multiple resources can be configured
· For Type 2 UL transmission without UL grant
· The RRC (re-) configuration for resource and parameters includes at least the following
· Periodicity of a resource
· Power control related parameters
· At least the following additional parameters for the resource are given by L1 signaling
· Offset associated with the periodicity with respect to a timing reference indicated by L1 signaling for activation
· FFS: the timing reference 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· An MCS/TBS value
· Note: 
· one TB is mapped to one resource 
· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI
· FFS multiple resources can be configured
· FFS HARQ related parameters
· FFS whether number of repetitions K is configured by RRC signaling and/or indicated by L1 signaling
[bookmark: _Ref129681832]Based on the agreements, in this contribution, we further discuss multiple GF resource configurations, HARQ related parameters, and also potential issue of L1 signaling. 

Discussion on multiple GF resource configurations
When multiple GF resource configurations are needed
According to the agreements, a UE can be configured with one set of resources, or one GF resource configuration, where the configuration includes  a time domain periodicity, which means the configured GF resources appear periodically, with the minimum value of 1. Assuming the basic time/frequency resource unit (RU) is illustrated by one time instance in time domain and m PRBs in frequency domain; Figure 1 gives examples of GF resource configuration with periodicity of 1 and periodicity of 5, respectively.
[image: ]
(a) Periodicity of the resource is 1
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(b) Periodicity of the resource is 5
Figure 1 Illustration of one GF resource configuration
In the GF resource configuration, some resources and parameters are closely related to the services requirement, such as the size of the RU, the periodicity of the RU, and the selected MCS/TBS, as well as the maximum repetition number K, which should be configured for each services accordingly. However, considering that different URLLC services may have different requirements (e.g., latency, reliability, packet size, etc.), it is difficult to meet all the various requirements simultaneously by configuring only one GF resource. 
For example, URLLC service with small packets and extremely tight latency requirement may need a minimum resource periodicity and a comparatively small K and small TBS, while some URLLC service with larger packet and more tolerable latency requirement but more stringent reliability requirement may perform better with a comparatively larger TBS and a larger K. Another example is that a UE sometimes may have two TBs arriving simultaneously or very closely for URLLC service, if only one set of resources is configured for the UE, the second TB of the UE has to wait in the data buffer until the first TB has been transmitted, which is hard for the second TB to satisfy the low latency requirement.  Moreover, if multiple bandwidth parts (BWP) with different numerologies are used to serve multiple services of a UE simultaneously, then multiple GF resources configured in different BWPs are naturally needed.
Therefore, to meet simultaneous services with various requirements, multiple GF resource configurations are needed where each of the GF resource configuration can be configured with different parameters such as different resource sizes, different periodicities, different MCS/TBS values, and/or different repetition numbers K for a UE, as illustrated in Figure 2.
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Figure 2 Illustration of multiple GF resource configurations
When the packet arrival rate is high even for one service, multiple GF resource configurations can be beneficial in the way that it enables the UE to transmit two or more TBs simultaneously on different GF resources, which saves queuing time and reduces the total latency of the TBs.
[bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK159]Observation 1: Multiple grant-free resource configurations can be beneficial to meet different services requirements and accommodate more traffic. 
Proposal 1: Multiple resource configurations should be supported for UL transmission without grant.
How to configure and use multiple GF resources
For multiple GF resource configurations,  the motivation is to support simultaneous services with various requirements.  The resource and parameters in each GF resource configuration that are closely related to matching the service requirements can be configured independently, while  the other resource and parameters in the multiple sets of GF resources such as power control related parameters can be common.  
Proposal 2: To meet various requirements of simultaneous services, at least the following resource and parameters can be configured differently in each GF resource configurations: 
· The size of the basic time/frequency resource unit 
· The periodicity the resource unit 
· The configuration of DMRS that should be associated with the basic time/frequency unit   
· The value of the supported MCS/TBS 
· The number of repetitions K
The resource and parameters in each set of GF resources can be updated to adapt to the channel variations and to satisfy service requirements and high spectrum efficiency for some applications or some UEs.  The GF link adaptation can be done from gNB perspective and/or UE perspective, and usually should be changed in a semi-static way or low link adaptation using a limited number of MCSs.  In some scenarios, UE has to originate a MCS change based its own situations;  for example, a static UE in good channel condition with more spectrum-efficiency MCS can suddenly move away while serving a low latency application, where the UE requires to downgrade its MCS but no time to request a MCS change from gNB.     
With multiple GF resource configurations, when a data packet arrives, UE can choose a proper GF resource configuration which best matches the requirements of the packet on latency, reliability, packet size, and etc. For example, for the service with very tight latency requirement, GF resource configurations with smaller periodicity are better choices. Then the UE can further decide which configuration with the proper MCS/TBS to use according to the packet size of the service to avoid unnecessary waste of resource and unnecessary segmentation of packets.
[bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK166]Proposal 3: Within one GF resource configuration, UE can adopt one proper MCS/TBS value through a limited number of MCS/TBS options; when configured with multiple GF resources, UE can choose one proper GF resource configuration per TB to best match the requirements of the service on latency, reliability, packet size, etc.
HARQ related parameters for multiple GF resource configurations
Considering the latency constraint and the reliability requirements, multiple HARQ processes per UE has been agreed for GF transmission. In this case, the way to map the multiple HARQ processes to multiple GF resources and the way to calculate the HARQ process ID for each TB should be specified [2]. In this section, we further discuss the HARQ related parameters to be included in multiple GF resource configurations in order to support such mapping.
For GF transmission with only one GF resource configuration, the HARQ process ID of a TB can be calculated based on the time domain resource information, such as the slot index of the initial transmission of the K repetitions of a TB [2]. In this case, the maximum HARQ process number needs to be specified for HARQ ID calculation.
When multiple GF resources are configured, only the maximum HARQ process number and the time domain information (e.g., slot index) are not enough. Frequency domain information (e.g., frequency resource index) or a distinguishable offset can be configured for each GF resource configuration to make sure the calculation of HARQ process ID would not overlap. For instance, if the maximum HARQ process number supported by each of two GF resource configurations is 4, and the offset values are 0 and 4 respectively, then the HARQ process IDs are 0-3 for one GF resource configuration and 4-7 for the other.
Proposal 4: The following HARQ related parameters should be configured for each GF resource in order to determine the HARQ process used for the UL transmission without grant
· The maximum HARQ process number 
· An offset which is used to guarantee the HARQ process IDs of one GF resource do not overlap with the other GF resources
L1 signaling in multiple GF resource configurations
For Type 1 UL transmission without grant, the GF resource configuration is done purely by RRC, so there is no L1 signaling related with resource configuration in this case. This is beneficial in some cases that UE can save energy. Note this does not mean L1 signaling is not available for other functionality such as A/N feedback. For instance, at least a group common DCI should be supported for HARQ-ACK feedback [3]. 
[bookmark: _GoBack]However, for Type 2 UL transmission without grant, it highly depends on L1 signaling to configure resources, especially the frequency resource and other transmission related parameters. If the same DCI format as in grant-based case is applied, then each DCI can only configure one GF resource. The configuration/activation and modification of multiple GF resources may take a set of DCI each with an indication of which resource it is configuring. The overhead of such configuration may cause some problem and new DCI format may not be highly motivated since it will complicate the blind detection. 
For Type 3 UL transmission without grant, as it can probably reuse RRC signaling designed for Type 1 and L1 signaling designed for Type 2, we may prioritize the discussion of Type 1 and Type 2 and FFS Type 3,  i.e., the possible discussion of Type 3 can be started when the design of the first two types are stable.
Conclusions
In this contribution, we have discussed the motivation for multiple GF resource configurations, possible ways for parameter configuration, and HARQ related parameters, as well as the potential issues of L1 signaling. Observations and proposals are summarized as follows.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Multiple grant-free resource configurations can be beneficial to meet different services requirements and accommodate more traffic. 
Proposal 1: Multiple resource configurations should be supported for UL transmission without grant.
Proposal 2: To meet various requirements of simultaneous services, at least the following resource and parameters can be configured differently in each GF resource configurations: 
· The size of the basic time/frequency resource unit 
· The periodicity the resource unit 
· The configuration of DMRS that should be associated with the basic time/frequency unit   
· The value of the supported MCS/TBS 
· The number of repetitions K
Proposal 3: Within one GF resource configuration, UE can adopt one proper MCS/TBS value through a limited number of MCS/TBS options; when configured with multiple GF resources, UE can choose one proper GF resource configuration per TB to best match the requirements of the service on latency, reliability, packet size, etc.
Proposal 4: The following HARQ related parameters should be configured for each GF resource in order to determine the HARQ process used for the UL transmission without grant
· The maximum HARQ process number 
· An offset which is used to guarantee the HARQ process IDs of one GF resource do not overlap with the other GF resources
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