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Introduction
In RAN1#96, followings has been agreed for grant-free transmission enhancement [1]:
	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 


And, according to WID for NR URLLC, following objective need to be considered [2]
	[bookmark: OLE_LINK17][bookmark: OLE_LINK2]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 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Note: V2X use cases are also considered 



In this contribution, we provide our views on possible enhancement of grant-free transmission. Specifically, we focus on how to facilitate “multiple active configured grant” and additional consideration point when adopted.
How to configure multiple configured grant resource

When using multiple configurations, HARQ process management should be considered in RAN1 perspective. If we allocate exclusive HARQ process pool to each configured grant resource, so many HARQ process are required in order to get flexible starting position. Moreover, multiple configured grant can be used for multiple type of services. If one URLLC service requires fine starting point with long duration PUSCH repetition, it will restrict other services. Meanwhile, HARQ process pool is shared between grant-free and grant-based. So starting position is easy to be unavailable when exclusive HARQ process pool is used for each configuration. To maximize availability of flexible starting, HARQ process pool of multiple configurations should be able to overlap each other.
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Figure 1. An example of multiple configured grant with HARQ process sharing
Figure 1 shows when multiple configurations are used for flexible starting points. Considering resources in dashed square, if the UE uses one of them for uplink, others cannot be used in any cases. So it seems redundant to allocate different HARQ process number for those resources. To save the number of HARQ process when using multiple configured grant sharing same HARQ process pool, HARQ process ID need to be aligned between/among different configurations. In current specification of release 15, HARQ process ID of configured grant is determined by symbol index from SFN0. So, it is hard to control for having aligned HARQ process ID due to different periodicity and symbol duration. 
To leave choice for the gNB for HARQ determination, it can be considered to adopt two RRC parameters. One is HARQ-ID offset, the other is symbol offset. HARQ-ID offset can be used to make different HARQ process ID pool for configuration. Symbol offset can be applied to adjust HARQ ID order in one configuration. For example, HARQ process ID can be determined by following equation which is modified from 38.321:
HARQ Process ID = [floor((CURRENT_symbol + symbol-offset)/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset, where CURRENT_symbol refers the number of symbols from SFN0
By two parameter, gNB can control not only HARQ process pool for each configuration as well as HARQ process ID of transmission occasion. This may decrease complexities of gNB and UE and also be helpful to support multiple configurations with limited number of HARQ processes. So,we propose following:
Proposal 1: For multiple configurations of configured grant,
· HARQ process pool of each configuration can be shared among multiple configurations.
· Following two parameter need to be adopted:
· harq-ProcID-offset: HARQ process ID offset between/among different configuration
· symbol-offset: adjustment HARQ process ID determination for one configuration
· To determine HARQ process ID of configured grant, following equation can be considered:
· HARQ Process ID = [floor((CURRENT_symbol + symbol-offset)/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset, where CURRENT_symbol refers the number of symbols from SFN0
· Note: only parameters shown in bold type are newly added in above equation.

In case of type 2 configured grant, multiple configurations would require multiple activation/release DCI. If those configuration all are used for single service, i.e., for enhancing latency and reliability, resource allocation information in activation DCIs may not have much differences. Considering limited PDCCH resource, it is beneficial to support single DCI which is able to activate/release multiple configurations. Especially, it is clear that all corresponding configuration should be released when the service is no longer served. For this, it can be considered some configuration has dependency on other configuration.
Proposal 2: For multiple configurations of configured grant, it is necessary to support a DCI which is able at least to release multiple configurations.
· Each configuration can be configured with dependency on other configuration
· If a configuration is released, all other configuration having dependency on the configuration are released.
For activations with single DCI, it is necessary to indicate multiple PUSCH resource allocation for multiple configurations. If one DCI indicates multiple time-domain resource allocation, one DCI may also be able to activate multiple configurations at once. In this sense, it is better to discuss about enhancement of activation DCI after we make a decision on how to allocate PUSCH resource for URLLC in PUSCH enhancement agenda.
Proposal 3: For multiple configurations of configured grant, it should be discussed whether/how to support a DCI which is able to activate multiple configurations after the decision on how to allocate PUSCH for URLLC

Determining available symbol for configured grant
Even if multiple configurations are supported or repetition can cross periodicity boundary, a remaining issue is slot-boundary handing. When transmission starts at near end of slot, repetition may need to cross slot boundary to ensure K times transmission. If we don’t have any kind of handling, a repetition crossing slot boundary would be abandoned. In this case, it is hard to ensure K times repetition. 
As discussed in RAN1#92, it had been discussed already how to handle slot boundary. There were different flavours of contiguous repetition. In creating non-slot transmission occasion (TO) over slot boundary, we can consider the following options. 
· Option 1 is to create TO starting from 1st symbol in next slot. This however may count ‘fixed DL’ as potential TOs. 
· Option 2 is to create TO starting from 1st flexible or fixed UL symbol in next slot. This would exclude fixed DL from counting TOs. 
· Option 3 is to create TO starting from the same starting OFDM symbol of current slot for TO creation in the next slot as well. In other words, this reuses time-domain resource allocation of configured grant at next slot. As a result of this, UE shall use same symbol as long as possible for each slot. Considering slot-level repetitions of other UE, the last option has benefit in terms of resource utilization.
· Option 4 is to create TO starting from 1st fixed UL symbol in next slot. This would avoid slot format ambiguity from dynamic SFI missing.
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Figure 2 possible options to choose postpone resource
When we see figure 2, Option 2 can keep the number of repetition and has smallest latency among options. But some special case, such as a slot having DL/UL switching gap, some flexible resource cannot be used practically. If a UE choose 1st flexible UL symbol in a slot having switching point, it shall be unusable. From this point of view, for some special case; if every slot has self-contained structure in future, Option 3 is most resource efficient and able to choose suitable resource properly. And Option 4 is most safe way to select available resource. So, we propose the combination of those options according to slot format determination.
Proposal 4: For mini-slot based repetitions, following is adopted for determining available symbol:
· If a slot doesn’t have DL/UL switching point, TO(s) is/are created from earliest symbol indicated as flexible by semi-static DL/UL configuration.
· If a slot has DL/UL switching point, TO(s) is/are created from earliest symbol indicated as uplink by semi-static DL/UL configuration or same starting OFDM symbol with first TO, whichever is earlier.
Conclusion
In this contribution, we discuss possible way to enhance UL transmission with configured grant for URLLC. . Our proposals are as follows:
Proposal 1: For multiple configurations of configured grant,
· HARQ process pool of each configuration can be shared among multiple configurations.
· Following two parameter need to be adopted:
· harq-ProcID-offset: HARQ process ID offset between/among different configuration
· symbol-offset: adjustment HARQ process ID determination for one configuration
· To determine HARQ process ID of configured grant, following equation can be considered:
· HARQ Process ID = [floor((CURRENT_symbol + symbol-offset)/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset, where CURRENT_symbol refers the number of symbols from SFN0
· Note: only parameters shown in bold type are newly added in above equation.

Proposal 2: For multiple configurations of configured grant, it is necessary to support a DCI which is able at least to release multiple configurations.
· Each configuration can be configured with dependency on other configuration
· If a configuration is released, all other configuration having dependency on the configuration are released.
Proposal 3: For multiple configurations of configured grant, it should be discussed whether/how to support a DCI which is able to activate multiple configurations after the decision on how to allocate PUSCH for URLLC

Proposal 4: For mini-slot based repetitions, following is adopted for determining available symbol:
· If a slot doesn’t have DL/UL switching point, TO(s) is/are created from earliest symbol indicated as flexible by semi-static DL/UL configuration.
· If a slot has DL/UL switching point, TO(s) is/are created from earliest symbol indicated as uplink by semi-static DL/UL configuration or same starting OFDM symbol with first TO, whichever is earlier.
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