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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]In NR Release 15, there are two types of UL grant-free transmissions: configured grant type 1 and 2. Only one active configured grant is supported in R15. In R16, further enhancements for UL grant-free transmission are considered, for example, supporting multiple configured grants. In RAN1-94 meeting [1], the following agreements on multiple active configured grants for a BWP of a serving cell were reached.
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
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK2][bookmark: OLE_LINK3]For UL grant-free transmission of both types, slot-level repetition is supported with the higher layer parameter repK indicating the K repetitions to be applied to a transport block (TB) using a configured grant resource. Furthermore, grant-free repetitions for a TB can be switched to grant-based transmission when a UL grant scheduling the same TB is received. Also, slot-level repetition is supported with the higher layer configured parameter aggregationFactorUL indicating the repetitions to be applied to a dynamic scheduled TB. In R16, ensuring K repetitions are discussed and the following agreements were reached in RAN1-94 meeting [1].
Agreements:
· Study further whether/how on ensuring K repetitions.
· Study further on PUSCH repetitions within a slot for configured grant.

In this contribution, we provide our considerations on multiple active configured grants for a BWP of a serving cell, repetitions within a slot and the repetition factor design to achieve the latency and reliability requirements of URLLC.
2. Discussion 
2.1Multiple active configured grants
NR UEs can support multiple types of traffic at the same time, different types of traffic may have different periods and a UE can be configured to use the same BWP for different types of traffic. Furthermore, different configurations of the same traffic type may also have different periods. Obviously, UEs being able to select suitable configured grants for different traffic is beneficial to spectrum utilization. As a result, it is necessary for NR to support multiple active configured grants for a BWP of a serving cell. Another reason for supporting multiple active configured grants is that the user plane latency can be reduced with multiple active configured grants which are configured with different starting position shifts but with the same period. This feature has already been supported in LTE HRLLC.
Proposal 1: Multiple active configured grants for a BWP of a serving cell should be supported in NR.
In LTE HRLLC, only one UL SPS configuration can be activated in a single TTI. Although each configuration being activated/deactivated separately has minimal impact on specifications, it brings heavy physical layer signalling overhead if the number of the configured grants is large. For multiple configured grants with few different configurations, these configured grants can be activated/deactivated using a signal DCI to reduce the physical layer signalling overhead. 
Proposal 2: Multiple configured grants being activated/deactivated using a single DCI should be supported in NR, detailed signalling should be further studied.
2.2 K repetitions
In R15, only slot-level repetition is supported, however, it may not help increase URLLC traffic reliability in case of a small SCS since few repetitions can take place within the 1ms latency boundary in such case. To enable the required reliability for URLLC traffic, repetitions within a slot should be supported in R16.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In R15, there are four possible values of repK, namely, 1, 2, 4 and 8. However, the length of PUSCH type B is from 1 to 14 for NCP, new values of the number of repetition are needed for repetitions within a slot to provide flexibility of repetitions for different lengths of PUSCHs.
Proposal 3: Repetitions within a slot should be supported in R16. New values of the number of repetition should be considered for repetitions within a slot.
[bookmark: _GoBack]For both repetitions over slots and repetitions within a slot, grant-free repetitions can be switched to grant-based transmissions by receiving a UL grant for the same TB. Furthermore, besides repK, a UE can be configured with aggregationFactorUL for grant-based repetitions. If both repK and aggregationFactorUL are configured, a UE may perform grant-free repetitions and grant-based repetitions for the same TB. The maximum total number of grant-free and grant-based repetitions for a TB is aggregationFactorUL + repK. The whole transmission time may exceed the 1ms latency boundary of URLLC. One illustrative example is given in Fig.1, a UE is configured with repK=4 and aggregationFactorUL=4 for grant-free and grant-based repetitions over slots, respectively. In slot i, the UE starts to transmit TB1 using a grant-free time-frequency resource, and transmits the first repetition of TB1 in slot i+1. In slot i+2, the UE receives a UL grant for TB1, it terminates the remaining grant-free repetitions and switches to grant-based repetitions. In case of 60 kHz SCS, the length of a slot is 0.25ms, the transmission time of 6 repetitions exceeds the 1ms latency boundary and the last three repetitions are not accounted for the reliability. Therefore, for a TB with grant-free repetitions combined with grant-based repetitions, if the value of repK is configured to achieve the reliability of grant-free only, and aggregationFactorUL is configured to achieve the reliability of grant-based only, the whole transmission time of TB may exceed the 1ms latency of URLLC, leading to a waste of resource for the last few repetitions. However, if the sum of repK and aggregationFactorUL is configured to achieve the latency and the reliability of grant-free combined with grant-based transmission, the reliability cannot be guaranteed for either grant-free only or grant-based only. Therefore, a comprehensive approach for configuring a unified repetition number for a TB should be considered. 



Fig. 1 Grant-free repetitions switched to grant-based repetitions

Proposal 4: A unified number of repetitions for grant-free only, grant-based only, grant-free combined with grant-based transmission should be considered.
3. Conclusion
Multiple active configured grants for a BWP of a serving cell, repetitions within a slot and the repetition factor design for UL transmissions are discussed in this document and the following conclusions are proposed:
Proposal 1: Multiple active configured grants for a BWP of a serving cell should be supported for NR.
Proposal 2: Multiple configured grants being activated/deactivated using a single DCI should be supported for NR, detailed signalling should be further studied.
Proposal 3: Repetitions within a slot should be supported in R16. New values of the number of repetition should be considered for repetitions within a slot.
Proposal 4: A unified number of repetitions for grant-free only, grant-based only, grant-free combined with grant-based transmission should be considered.
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