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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It is revised from R1-1712216.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 above agreements, in RAN1 #90, there has been further progress in HARQ related operations and some L1 signaling related aspects. However, there is no further progress on the multiple resource configurations, though most companies support such functionality. In this contribution, we discuss further on multiple GF resource configurations, the motivations, the way to configure, and the way to use. 
Discussion on multiple GF resource configurations
Motivation
According to the agreements, a UE can be configured with at least one GF resource configuration, which includes a periodicity, repeatedly occurring transmission resource unit defined by time domain resource and frequency domain resource associated with UE-specific DMRS, as well as transmission parameters such as MCS/TBS, number of repetitions, and HARQ/power control related parameters.
Many of these parameters are service dependent. For instance, the allocation of the transmission resource unit (which a TB will be mapped to) consisting time and frequency domain resource depends on the latency requirement of the target service and the general packet size of the service. And the MCS/TBS value together with the number of repetitions K may directly relate to the reliability level that could be achieved for a given service. Even for the general type of URLLC service, there will be different level of latency and reliability requirements, ranging from 0.5ms to several ms latency, and some 1e-4 to 1e-9 reliability. It is possible in future networks that one UE may demand different low latency services simultaneously. 
More specifically, 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. 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 1.
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a) Multiple GF resource with different periodicity
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b) Multiple GF resource with different MCS/TBS
Figure 1 Illustration of multiple GF resource configurations.
On the other hand, multiple GF resource configurations can be beneficial even for one type of service when the packet arrival rate of the UE is high. This case is valid since 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 may be hard for the second TB to satisfy the low latency requirement. Multiple GF resource configurations can enable the UE to transmit two or more TBs simultaneously on different GF resources, which saves queuing time and reduces the total latency of the UE. 
From the discussion above, we have the following observations and proposals.
Observation 1: It is inefficient and insufficient to meet all the various requirements of different services simultaneously by configuring only one GF resource. 
Observation 2: It is beneficial to have multiple GF resource configurations even for one service when the traffic load is very high and the latency bound is tight. 
[bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK159]Proposal 1: Multiple resource configurations should be supported for UL transmission without grant. It is up to RAN2 to decide how to configure.

How to configure multiple GF resources
For the multiple GF resource configurations, it is mainly up to RAN2’s decision how to configure. But there are some related parameters that may need to be added due to multiple resource configurations.  
One example parameter is HARQ ID mapping related. 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.
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 [3]. In this case, the maximum HARQ process number needs to be specified for HARQ ID calculation.
When multiple GF resources are configured,  a different resource identity (e.g., frequency resource index) or a distinguishable offset also needs to  be configured for each GF resource configuration. This is also to make sure the calculation of HARQ process ID for a UE 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, where it is equivalent to reuse same HARQ IDs for each configured resource identified by a resource identity.
Proposal 2: 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
The other aspect needs to be designed is the related L1 signaling. 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. This is beneficial in some cases that UE can save energy. For Type 2 UL transmission without grant, which highly depends on L1 signaling to configure resources, whether to use multiple DCI to activate/deactivate one resource at a time or to design a new DCI format to activate/deactivate multiple GF configurations together needs further study and evaluation in terms of efficiency and reliability. 

How to use multiple GF resources
When multiple GF resources are configured for one UE, as mentioned earlier, they are used to serve different types of service simultaneously or to serve multiple TBs when the traffic load is high. In this case, 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. Moreover, in the URLLC scenarios with extremely low latency requirement, a UE should be allowed to use multiple GF resources simultaneously to meet the delay requirement. 
Proposal 3: 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.
On the other hand, K repetitions (including initial transmission) for a TB transmission without grant have been agreed. But there is different understanding how these repetitions should use the configured GF resources. More specifically, there is no problem for the initial transmission to use the configured GF resources, and the difference lies in the understanding of where the rest of the repetitions should be performed. Basically three options have been mentioned during offline discussion.
· Option 1: Only the initial transmission of a TB can be transmitted on configured GF resource, and the rest of the repetitions are performed on the consecutive and subsequent UL resources even if they are not configured as GF resource, as illustrated in Figure 2. 


Figure 2 Illustration of Option 1
· Option 2: There exists one GF resource configuration configured only for the initial transmission of a TB and the rest repetitions of the TB must use other GF configurations, as illustrated in Figure 3. 


Figure 3 Illustration of Option 2
· Option 3: Both the initial transmission and the rest repetitions of a TB can be transmitted on any of the configured GF resource, as illustrated in Figure 4. FFS whether the repetitions can be performed across multiple resources.


Figure 4 Illustration of Option 3
For Option 1, configured GF resource is used only for initial transmission of a TB, in this case, if the initial transmission of a TB is failed to be detected by the gNB (miss-detection happens for the initial transmission), then gNB may have no idea of the existence of the TB even if it is repeated many times on the subsequent but not configured resources. 
Another potential issue of Option 1 (which is also shared by Option 2) is the relation between the periodicity of the resource for initial transmission and the number of repetitions K. If K is larger than the resource periodicity for initial transmission, then the K repetitions will span over two or more consecutive resources of the GF configuration for initial transmission. In this case, Option 1 loses its only potential benefit of easy identifying the location of initial transmission of a TB. For example, as shown in Figure 5, gNB cannot tell which TU (n+3 or n+6) the repetitions of TB1 actually start from if false alarm of user detection in TU n+6 happens with a high probability.


a) Illustration with Option 1


b) Illustration with Option 2
Figure 5 Illustration of the case in which K is larger than the resource periodicity of GF configuration for initial transmissions, a) case for option 1; b) case for option 2.
On the other hand, if the resource periodicity of the GF configuration for initial transmission is set to be larger than K to facilitate the determination of the initial transmission, latency could be a problem, especially for URLLC service with tight latency requirement, as illustrated in Figure 6.  
Moreover, for Option 2, gNB has to configure multiple GF configurations for the transmission one TB, and these multiple GF configurations will probably be configured with a same resource size and a same MCS/TBS, which is not quite aligned with the motivations for multiple GF configurations.


a)  Option 1


b) Option 2
Figure 6 Illustration of the case in which K is smaller than the resource periodicity of GF configuration for initial transmission
Observation 3: No obvious benefits are observed to configure GF resource only for initial transmission.
Proposal 4: Each configured GF resource can be used for both the initial transmission of a TB and its subsequent repetitions. FFS K repetitions can be performed across multiple GF resource configurations.

Conclusions
In this contribution, we have discussed on multiple GF resource configurations, including the motivations, the way to configure, and the way to use. Observations and proposals are summarized as follows.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: It is inefficient and insufficient to meet all the various requirements of different services simultaneously by configuring only one GF resource. 
Observation 2: It is beneficial to have multiple GF resource configurations even for one service when the traffic load is very high and the latency bound is tight. 
Observation 3: No obvious benefits are observed to configure GF resource only for initial transmission.
Proposal 1: Multiple resource configurations should be supported for UL transmission without grant. It is up to RAN2 to decide how to configure.
Proposal 2: 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
Proposal 3: 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: Each configured GF resource can be used for both the initial transmission of a TB and its subsequent repetitions. FFS K repetitions can be performed across multiple GF resource configurations.
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Initial transmission of TB1 uses GFRC1 in TU n+5, and the rest 3 repetitions use GFRC2
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Initial transmission of TB1 uses GFRC1 in TU n+5, and the rest 3 repetitions use GFRC2
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TB1 arrives in TU n+1 K=4 repetitions of TB1 start in TU n+5
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