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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]In NR Release 15, to support URLLC traffic in the uplink, two types of UL grant-free transmissions, i.e. configured grant type 1 and 2, are introduced. NR R15 is designed to satisfy the identical latency and reliability requirements of the URLLC traffic, thus only one active configured grant is supported. In R16, 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 #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
Furthermore, in RAN1 #95 meeting [2], the following agreements were reached,
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
· Send LS to RAN2 – R1-1814112, which is endorsed by updating “kindly asks”, and final LS is in R1-1814116
· RAN1 kindly ask RAN2 to take RAN1 agreements into account in their future work
In RAN1 AH1901 meeting [3], the following agreements were further agreed,
Agreements:
· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Slot-level repetition is supported in UL grant-free transmissions and dynamic scheduled transmissions in NR R15 to ensure the reliability. The higher layer parameter repK indicates that a TB repeats K times using a UL configured grant resource while the higher layer configured parameter aggregationFactorUL indicates that a TB repeats K times using a UL dynamic grant resource. In addition, grant-free repetitions of a TB will switch to grant-based transmission when a UL grant scheduling the same TB is received. In R16, ensuring K repetitions has been 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. This is a revision of R1-1900707.
2. Discussion 
2.1Multiple active configured grants
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In Release 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 are for NR evolution as well as need for enhancing the Release 15 enable use cases [4]. 
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 may have diversified latency and reliability requirements. Furthermore, the same use case can have different traffic patterns (i.e. periodicity, message size, reference time or offset). In the LTE HRLLC study, multiple UL SPS configurations are also supported to satisfy the latency and reliability requirements. However, compared with LTE HRLLC, more use cases need to be supported in R16 URLLC. Furthermore, the NR R16 URLLC latency and reliability requirements are more stringent compared with LTE. Multiple UL SPS configurations mechanism in LTE HRLLC cannot satisfy the R16 URLLC use cases requirements.
For supporting multiple URLLC traffic simultaneously, it is necessary to configure multiple configured grant resources. Configuring each 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 reference times, 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. Parameters should be configured independently across different groups.
In LTE HRLLC, only one UL SPS configuration can be activated in a single TTI. Although activating or deactivating each configuration separately has minimal impact on specifications, it brings a heavy physical layer signalling overhead if the number of the configured grants is large. Using a signal DCI to activate/deactivate a configured grant configuration group is beneficial for reducing the physical layer signalling. All the configurations in the group can be activated/deactivated simultaneously. 
Proposal 1: Configured grant configuration grouping should be supported in NR R16.
· For a configured grant configuration group, parameters should be the same for all the configured grant configurations except for the time domain resource offset.
· Parameters should be configured independently across different configured grant configuration groups.
· L1 signalling of activation/deactivation per configured grant configuration group should be supported.

[bookmark: OLE_LINK12][bookmark: OLE_LINK19]Configured grant type 1 is suitable for traffic with a static profile, it can help reduce the L1 signalling overhead. On the contrary, configured grant type 2 is advantageous when the traffic is more dynamic with the benefits of increasing the spectrum efficiency. Since NR R16 is designed to support multiple URLLC traffic and the traffic profiles can be different. It is necessary to support both configured grant type 1 and type 2 simultaneously for the sake of reducing the L1 signalling overhead as well as increasing the spectrum efficiency. 
Proposal 2: Type 1 configured grant(s) and Type 2 configured grant(s) should be supported simultaneously for a given BWP of a serving cell in NR R16.
2.2 K repetitions
In R15, only slot-level repetition is supported, however, it may not help increase URLLC traffic reliability in case where the SCS of PUSCH is small. Few repetitions can take place within the 1ms latency boundary in such a case. Alternatively, repetitions within a slot should be supported in R16 to ensure the latency and reliability requirements. Mini-slot based repetition is beneficial for latency, mini-slot level diversity, spectral efficiency/scheduling flexibility and frequency diversity [6]. 
[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.
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. A direct solution is to indicate the number of repetition in the UL scheduling DCI with the expense of additional layer 1 signalling overhead. We are now aiming to design a compact DCI for URLLC scheduling, introducing the number of repetition indication may not be a good solution for URLLC. Alternatively, 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:
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 1: Configured grant configuration grouping should be supported in NR R16.
· For a configured grant configuration group, parameters should be the same for all the configured grant configurations except for the time domain resource offset.
· Parameters should be configured independently across different configured grant configuration groups.
· L1 signalling of activation/deactivation per configured grant configuration group should be supported.
Proposal 2: Type 1 configured grant(s) and Type 2 configured grant(s) should be supported simultaneous for a given BWP of a serving cell in NR R16.
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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