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1 Introduction
RAN1#94 has agreed to support the multiple active configured grant configuration for a BWP of a serving cell.

	Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 

· FFS details

· Note: it is understood that the above may be related to RAN2-led work on intra-UE     multiplexing


In this document, we discuss how to support the multiple active configured grants for a BWP from RAN2 point of view.
2 Discussion
In RAN1#95 meeting, it was agreed that multiple active configurations per BWP should be supported for at least one of the following two use cases:
· Use case 1: to simultaneously support different services/traffic types.

· Use case 2: to enhance reliability and reduce latency, as multiple SPS configurations in LTE HRLLC.
Among the two use cases, Use case 1 should be supported considering the fact that different services/traffic types could have quite different traffic characteristics (e.g., packet size, traffic type) as well as latency/reliability requirements, which may require different resource configurations to support them simultaneously. For example, the traffic characteristics of the service is listed in the following table1 from [1].
Table 1: Typical characteristics of motion control systems for three major applications

	Application
	# of sensors / actuators
	Typical message size
	Cycle time Tcycle

	Printing Machine
	> 100
	20 byte
	< 2 ms

	Machine Tool
	~ 20
	50 byte
	< 0.5 ms

	Packaging Machine
	~ 50
	40 byte
	< 1 ms


To support Use case 1, gNB can configure multiple configurations with different parameter settings such as different resource sizes, different periodicities, different MCS levels, different repetition numbers etc. When a packet arrives, UE can choose a proper configuration that best matches the service requirements to deliver the packet.

For use case 1, RAN1[2] is studying to support to cross a period boundary with the flexible start and fixed repetition number to improve the transmission reliability for both type 1 and type 2 configuration grant in R16. If this solution is supported then it would be more efficient than the multiple active configurations to support K repetitions as in R15 LTE HRLLC.
For use case 1, the higher layer parameters of those configurations should be separately configured in ConfiguredGrantConfig IE for each configured grant PUSCH transmission. In addition to the parameters defined in ConfiguredGrantConfig, to support multiple configurations per BWP in Rel.16, at least a configuration index should be configured for each of the multiple configurations for both Type 1 and Type 2 configured grant, which is used for the identification of the configuration. 

While for Use case 2, UE is not expected to be configured with multiple UL SPS configurations without configuration of repetition in [3]. Therefore the multiple active configurations to support K repetitions indeed help to enhance reliability and reduce latency for a certain service type than the case with only single UL SPS configuration. However such configured sets of resources are not efficient in terms of resource utilization for a UE. If the repetitions (either slot-based or mini-slot-based) across a period boundary is employed then it seems that there is no strong motivation to support the use case 2.
Proposal 1: For both Type 1 and Type 2 configured grant in Rel.16, multiple active configurations for a given BWP of a serving cell should be supported for different services/traffic types.

· All the higher layer parameters of different configurations should be separately configured.

· In addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
In NR R15, RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel, configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission. For use case 1, as described above, current LCP restrictions are unable to select the suitable logical channel(s) to be accommodated for a given configured grant, i.e., configuredGrantType1Allowed cannot work with multiple configurations. Therefore, association between logical channel (e.g. priorities) and configured grant configuration can be considered. 

Proposal 2: Support to introduce further LCP restriction by considering the different configured grant configurations for different services.
In TS 38.321, HARQ process ID is determined by the configured grant resource, HARQ number and configured grant period. If the configuredGrantTimer IE is configured then the timer for the related HARQ process starts when UE performs the configured grant for this HARQ process.
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:

1>
if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell:

2>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

2>
if the configuredGrantTimer for the corresponding HARQ process is not running:

3>
consider the NDI bit for the corresponding HARQ process to have been toggled;

3>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes


If based on the equation above, the HARQ Process ID for each configured grant in one BWP is same. When one UL transmission on one configured grant configuration is preformed, the configuredGrantTimer is started, it prohibit the transmision on another active configured grant configuration with the same HARQ process ID. It does not align with the intention to support the multiple active configurations per BWP for the different service. Therefore, UE needs to derive the different HARQ ID for each configured grant configuration in one BWP. For example, a new high layer parameter can be used in the HARQ ID derivation equation.
Proposal 3: Support the HARQ ID differentiation in case of multiple active configured grants in one BWP.
For use case 1, if multiple active configurations with different period for a given BWP of a serving cell is supported for different services types. A configured grant and another configured grant may be overlapped. RAN2 needs to consider the collision case of a configured grant and another configured grant in a given BWP. For example, when this collision happens, UE can choose the configured grant mapping with the higher priority LCH ID. 
Proposal 4: RAN2 considers the collision case of a configured grant and another configured grant in a given BWP.
3 Conclusion

The paper discusses the supporting of multiple active configured grant for TSN, and we propose:
Proposal 1: For both Type 1 and Type 2 configured grant in Rel.16, multiple active configurations for a given BWP of a serving cell should be supported for different services/traffic types.

· All the higher layer parameters of different configurations should be separately configured.

· In addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
Proposal 2: Support to introduce further LCP restriction by considering the different configured grant configurations for different services.

Proposal 3: Support the HARQ ID differentiation in case of multiple active configured grants in one BWP.
Proposal 4: RAN2 considers the collision case of a configured grant and another configured grant in a given BWP.
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