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1. Introduction
In the URLLC WID approved in RAN #83 [1], the objectives regarding enhanced UL configured grant transmission are listed as below,
· Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· Note: V2X use cases are also considered 
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
In NR Rel-16, to support various URLLC traffic with different requirements, further enhancements for UL grant-free transmission are necessary, e.g., supporting multiple active configured grants. In RAN1 #96bis meeting, following agreements were reached [2].
Agreements:
· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.
· FFS whether or not some parameters can be common among different configured grant configurations 
Agreements:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 
In RAN1 #97 meeting, following agreements were achieved [3].
Agreements:For the maximum number of UL CG configurations per BWP of a serving cell:
· 12
Agreements:
· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details. 
In the last meeting, following agreements were achieved [4].
Agreements:
· M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is
· Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
· In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
Conclusion:
· No support of joint activation in a DCI for two or more configured grant Type 2 configurations in Rel-16

Working assumption:
· For activation and release of UL CG, same field(s) is/are used for a DCI format
In this contribution, we provide our considerations on multiple active configured grants for a BWP of a serving cell. 
2. Discussion 
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In NR Rel-15, the basic support for URLLC was introduced with TTI structures for low latency as well as methods for improved reliability. Further use cases including factory automation, transport industry and electrical power distribution with tighter requirements have been identified as an important area for NR evolution as well as need for enhancing the Rel-15 enable use cases [1]. 
In TSN use cases, e.g. in a future factory environment, the UEs need to handle a mixture of the following different traffic [5]:
· multiple periodic streams, of different periodicities, of critical priority, for example multiple TSN streams coming from different applications; 
· aperiodic critical priority traffic that is the result of critical events, like alarms, safety detectors that need to be informed about the occurrence of a critical event; 
· best effort type of traffic such as eMBB traffic, internet traffic, or any other traffic supporting factory operations.
Different use cases described above may have diversified latency and reliability requirements. Even the same use case can have different traffic patterns (i.e. periodicity, message size, reference time or offset). It has been agreed to support multiple active configured grant configurations at least for different services/traffic types and/or for enhancing reliability and reducing latency. Configuring each configured grant resource independently requires a large number of RRC signalling. To reduce the RRC signalling overhead, it is beneficial to classify the configured grant configurations into groups. Configurations for the traffic with the same or similar characteristics, e.g., traffic with the same periodicity, message size, latency and reliability but with different time domain resource offsets, can be classified into the same group. For a configured grant configuration group, parameters should be the same for all the configured grant configurations except for the time domain resource offset and DMRS configuration. 
Proposal 1: Configured grant configuration grouping should be supported in NR Rel-16 at least for enhancing reliability and reducing latency.
· Parameters should be the same for all the configured grant configurations in a same configured grant configuration group except for the following fields
· Time domain resource offset
· DMRS configuration
· FFS others
It has been agreed to support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell. However, joint activation in a DCI for two or more configured grant Type 2 configurations in Rel-16 was not supported. In the last meeting, there was a working assumption regarding activation and release of UL CG. Although a majority of companies support same field(s) is/are used for a DCI format, the number of bits for activation and release of UL CG can be different. For example, there are 4 configured grant Type 2 configurations. Activation of the configurations requires 2 bits. If joint release is enabled, at least 3 bits are required for the joint and separate release of the configurations. If same field(s) is/are used for a DCI format, additional bits may be required for the UL DCI format scheduling Rel-16 URLLC traffic. Therefore, different fields should be considered for activation and release DCI.
Proposal 2: For activation and release of UL CG, different fields can be used for activation and release DCI.  
In the last meeting, the following agreements were achieved [4].
Agreements:
· M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is
· Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
· In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
Base on the second bullet of the above agreements, it has been agreed that CG configuration index will be introduced. Nevertheless, whether the CG configuration index is global or separate for CG Type 1 and Type 2 is not decided yet. Some companies preferred a global index for both Type 1 and Type 2 CG configurations [6]. However, if the global index is adopted, unnecessary bits will be required for UL CG activation and release in some cases, e.g., quite a few CG Type 1 are configured. Although the field(s) for UL CG activation and release is not decided yet, this issue should be considered. In order to reduce the bits of the UL DCI format scheduling Rel-16 URLLC traffic, separate UL CG index/ID should be considered for Type 1 and Type 2 CG configurations. The maximum number of either Type 1 or Type 2 CG configuration can be 12, therefore, the value range for both Type 1 and Type 2 CG configuration is from 0 to 11. 
Proposal 3: Separate UL CG index/ID should be configured for CG Type 1 and Type 2 CG configurations.
· The value range is from [0 - 11].
In RAN2 #105 meeting, it was agreed that when multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID [7]. In RAN1 #97 meeting, it was agreed that the maximum number of UL CG configurations per BWP of a serving cell is 12 [3]. In Rel-15, the maximum number of UL HARQ processes is 16. If the maximum number of UL HARQ processes is not extended, the average number of HARQ processes per CG configuration is 4/3 without considering dynamic PUSCH scheduling. Assuming there is 1 HARQ process per CG configuration and 12 CG configurations are configured. For dynamic PUSCH scheduling, the remaining number of HARQ processes is 4. The HARQ process number may not be sufficient. Considering the CG configurations may not always be scheduled and the assigned HARQ process IDs may not be used as well. To increase the flexibility, HARQ process IDs sharing between different CG configurations should be supported by configuring the same HARQ process ID offset and the same number of HARQ processes for these CG configurations. Alternatively, HARQ process IDs can be shared by CG configurations within a CG configuration group and the HARQ process ID offset can be configured per CG configuration group.
Proposal 4: Support HARQ process IDs sharing between different CG configurations. Following two alternatives can be considered, 
· Alt1: Configuring the same HARQ process ID offset and the same number of HARQ processes for the sharing CG configurations.
· Alt2: HARQ process ID offset is configured per CG configuration group.
In Rel-15, HARQ process ID is determined by the following equation for CG configuration [8],
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [9].
For CG configurations sharing the same HARQ process IDs, e.g., CG configurations within a CG configuration group, the time domain resource allocations may vary among different CG configurations. Considering the TDRA difference and the number of resources, the following equation can be considered for determining HARQ process ID for the sharing CG configurations,
HARQ Process ID = [floor((CURRENT_symbol – symbol_offset_i )/periodicity/nrofConfigurations) + configuration ID] modulo nrofHARQ-Processes + HARQ ID offset
where symbol_offset_i represents the symbol offset for the ith CG configuration, nrofConfigurations represents the number of CG configurations and configuration ID represents the index of each configuration.
[bookmark: _GoBack]Proposal 5 To determine the HARQ process ID for the sharing CS configurations, the following equation should be considered,
HARQ Process ID = [floor((CURRENT_symbol - symbol_offset_i )/periodicity/ nrofConfigurations ) + configuration ID] modulo nrofHARQ-Processes + HARQ ID offset
3. Conclusion
Multiple active configured grants for a BWP of a serving cell are discussed in this document and the following proposals are given:
Proposal 1: Configured grant configuration grouping should be supported in NR Rel-16 at least for enhancing reliability and reducing latency.
· Parameters should be the same for all the configured grant configurations in a same configured grant configuration group except for the following fields
· Time domain resource offset
· DMRS configuration
· FFS others
Proposal 2: For activation and release of UL CG, different fields can be used for activation and release DCI.  
Proposal 3: Separate UL CG index/ID should be configured for CG Type 1 and Type 2 CG configurations.
· The value range is from [0 - 11].
Proposal 4: Support HARQ process IDs sharing between different CG configurations. Following two alternatives can be considered, 
· Alt1: Configuring the same HARQ process ID offset and the same number of HARQ processes for the sharing CG configurations.
· Alt2: HARQ process ID offset is configured per CG configuration group.
Proposal 5 To determine the HARQ process ID for the sharing CS configurations, the following equation should be considered,
· HARQ Process ID = [floor((CURRENT_symbol - symbol_offset_i )/periodicity/ nrofConfigurations ) + configuration ID] modulo nrofHARQ-Processes + HARQ ID offset
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