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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1 #94 and 94bis, enhancements of UL grant-free transmissions for eURLLC were discussed and the following agreements made [1][2]:
	
[RAN1 #94]
Agreements:
· Study further whether/how multiple active configured grants for a BWP of a serving cell.
· Identify potential specification impacts and options for both type 1 and type 2
· At least Activation/deactivation mechanism for Type2
· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated
· Study how to support repetitions with multiple configurations for a BWP of a serving cell
· FFS HARQ process ID determination for both type 1 and type 2
· FFS other specification impacts for both type 1 and type 2
· Study the performance impacts

Agreements:
· Study further whether/how on ensuring K repetitions.
· Study further on PUSCH repetitions within a slot for configured grant.

[RAN1 #94bis]
Agreements:
· To study further from at least the following:
· Option 1: multiple active configured grant configurations for a BWP of a serving cell
· Option 2: repetition(s) across the boundary of a period P
· Option 3: one transmission cross boundary of a period P 
· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 
· Note: Switch grant free to grant based retransmission which is available in Rel.15
 



In this contribution we will discuss repetition enhancement for configured grant transmission and configuration updating taking into account whether or not an eMBB UE has been granted overlapping resources on the configured grant resources.
This document is revision of R1-1810641.
2. Discussion
2.1 Non-slot level repetitions within a slot for configured grant
In Rel-15, repetition transmission is possible only when using multiple slots. In other words, the UE can only perform one transmission of a given TB per slot. Therefore whilst slot-level repetition can provide high-reliability transmission it contributes towards increased latency in transmission due to the longer transmission period. It is beneficial to support shorter transmission period for repetition considering the requirements of URLLC service. Therefore non-slot level repetitions within a slot should be supported.
Proposal 1: Non-slot level repetitions within a slot should be supported.
2.2 Multiple active configurations for configured grant resources
In Rel-15, NR supports repetition of the configured grant transmission through a higher layer parameter repK. However, depending on the time the data arrives in the buffer in conjunction with the periodic window of the K repetition transmissions, the actual number of repetition transmissions may be less than the configured number of repetitions K since the repetition transmission has to be stopped at the last transmission opportunity of the periodic window. The only option currently available to ensure K repetitions is to delay the start of transmission to the beginning of the next periodic window, which introduces an additional delay.
Therefore, three options have been discussed and agreed to ensure K repetitions. Option 2 is to allow the UE to transmit the K repetitions across a boundary of the periodic window. Option 3 is to further allow to transmit one transmission across the boundary. These options will increase the number of possible periodic windows, i.e. a start position and an end position. If more flexible configuration for the configured grant resources is assumed to enable a different operation and use-case, these options will be very complicated. Option 1 is to utilise multiple active configurations for the configured grant transmission with different starting positions. This option can ensure K repetitions without crossing the boundary of the periodic window P. Multiple active configurations should be supported. Each configuration can be independently configured for transmission parameters, e.g. periodic window, number of repetitions, considering more flexible use for configured grant transmissions. In addition, when a UE is configured with multiple configured grant resources, it will be left up to the UE to select one configured grant resource among the multiple configurations. Therefore a UE behaviour for the selection of the configuration is considered, e.g. the selection criteria can be based on data priority, latency requirement and so on.
Proposal 2: Multiple active configurations for configured grant resources is supported to ensure K repetitions (i.e. Option 1). UE behavior for the selection of the configuration should be considered.
2.3 Configuration updating for configured grant transmissions
For a URLLC UE with configured grant transmission, many configured grant resources in the time domain will be configured by the gNB in order to achieve low latency transmission. However, if URLLC traffic is not heavy, most of the configured grant resources may be wasted leading to reduction in resource utilisation efficiency. Therefore, inter-UE multiplexing between eMBB UEs and URLLC UEs with configured grant transmission is beneficial [3].
In order to realize such efficient multiplexing, the reliability of the URLLC transmission on configured grant resources should be ensured to satisfy the URLLC requirements. Note that at the time that the gNB schedules eMBB transmissions, the gNB cannot know the exact timing of URLLC transmissions on the configured grant resource. Also, in Rel-15, at the time that the URLLC UE transmits on configured grant free resources, it does not know whether an eMBB UE is also sending an overlapped UL transmission on the configured grant resource or not. Hence, one way to improve the reliability for the URLLC transmission in the inter-UE multiplexing scenario is to signal different transmission parameters for the URLLC transmission depending on whether the slot also contains eMBB transmission.
Therefore, when the gNB indicates UL transmission parameters for the URLLC UE with configured grant transmission, the parameters can be determined by the gNB taking into account whether or not an eMBB UE has been granted overlapping resources on the configured grant resource. 
An example is shown in Figure 1, where an eMBB transmission is scheduled in slot #n by a PDCCH in slot #n-1. This eMBB transmission overlaps with a configured grant resource for URLLC UEs on slot #n. In the same slot #n-1, the gNB can transmit information on UL transmission parameters on the configured grant resources in slot #n. The signalled transmission parameters take into account that there is an overlapped eMBB transmission. The URLLC UE then applies those transmission parameters in slot #n.
The figure also shows the case when there is no overlapping of eMBB data in slot #n+1. The gNB hence indicates, by PDCCH in slot #n, a different set of UL transmission parameters for the configured grant resources in slot #n+1. The gNB determines those UL transmission parameters in the knowledge that there is no overlap of eMBB and URLLC in slot #n+1. 
As an alternative example, the gNB can transmit information on UL transmission parameters only when the eMBB transmission is overlapped on the configured grant resource. When there is no overlap of eMBB and URLLC, the URLLC UE uses UL transmission parameters which are configured as default values.
The UL transmission parameters for the configured grant URLLC UE can be determined by the gNB in order to provide the appropriate balance between transmission reliability and resource efficiency. Aspects of the UL transmission parameters that can be adapted include MCS, transmission power, amount of resource (if more than one resource is configured) and/or the number of repetitions (if supported).
[image: ]
Figure 1: Signalling of UL transmission parameter for configured grant URLLC UE
Proposal 3: gNB indicates the UL transmission parameters for URLLC UE with configured grant transmission taking into account whether or not an eMBB UE has been granted overlapping resources on the configured grant resource.
3.   Conclusion
In this contribution, we have the following proposal based on the above discussion:
Proposal 1: Non-slot level repetitions within a slot should be supported.
Proposal 2: Multiple active configurations for configured grant resources is supported to ensure K repetitions (i.e. Option 1). UE behavior for the selection of the configuration should be considered.
Proposal 3: gNB indicates the UL transmission parameters for URLLC UE with configured grant transmission taking into account whether or not an eMBB UE has been granted overlapping resources on the configured grant resource.
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