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1 Introduction
To better support URLLC in Rel.16, which has more stringent requirements on both latency (in the order of 0.5 to 1ms) and reliability (up to 1E-6 level) [1], enhancements would be needed for uplink grant-free transmission, i.e., Type 1 configured grant PUSCH transmission and Type 2 configured grant PUSCH transmission. In RAN1#94 and RAN1#95 meetings, the following agreements were achieved for GF enhancements [2] [3]:

Agreements achieved in RAN1#94 meeting:
· 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

· Study further whether/how on ensuring K repetitions.

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

According to the above agreements, in this contribution, we further discuss details of supporting multiple active configurations per BWP, including the use case, the repetition scheme, the higher layer configuration, as well as the activation/deactivation mechanism for Type 2 configured grant. 
2 Discussion

2.1 Use case 

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 Rel-15 enabled use case (e.g. AR/VR) are quite different from that for VoIP. And even for one service, there could be various traffic types with different characteristics. For example, the packet size for Rel-15 enabled use case (e.g. AR/VR) could be 32 bytes or 200 bytes with different arrival intervals and latency requirements [4]. 
To support Use case 1, gNB can configure multiple configurations with different parameter settings such as different waveforms, different resource sizes, different periodicities, different MCS levels, different repetition numbers and etc. When a packet arrives, UE can choose a proper configuration that best matches the service requirements to deliver the packet.
While for Use case 2, multiple active configurations to support K repetitions can indeed help to enhance reliability and reduce latency for a certain service/traffic type if purely configured with same parameter settings (e.g., resource size, periodicity, MCS level, repetition number, and etc.) and with time-shifted t/f resources. However, such configured sets of resources are not efficient in terms of resource utilization for a UE, because these resource configurations are not able to support different services/traffic types as described above. Instead of using this type of configuration to enhance reliability and reduce latency, repetitions (either slot-based or mini-slot-based) across a period boundary with R15 flexible start can be employed, which is a more efficient way to be discussed in section 2.3.
Observation 1: Using multiple active configurations of a UE to support K repetitions for enhancing reliability and reducing latency may not be efficient in terms of resource utilization, where different services/traffic types are not able to be supported for the UE.
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 at least for different services/traffic types. FFS other use cases.
2.2 Higher layer configuration
As discussed in section 2.1, when multiple configurations are configured in a BWP to support different services/traffic types with different traffic characteristics and different latency/reliability requirements, the higher layer parameters of those configurations should be configured separately in a configuration-specific manner, i.e., different configurations should be configured with different sets of higher layer parameters, including those defined in ConfiguredGrantConfig IE for configured grant PUSCH transmission in Rel.15. 

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. 

For the maximum number of active configurations per BWP, 8 could be a reasonable value and it can be up to RAN2 to decide. In Rel.15, only four values of repetition number are supported, i.e., 1/2/4/8. To obtain more flexibility on resource configuration in Rel.16, more values can be considered, e.g., 3 (to support 3 mini-slot-based repetitions within a slot with each occupying 4 OFDM symbols), 5, 6, 7 (to support 7 mini-slot-based repetitions within a slot with each occupying 2 OFDM symbols), and etc.
Proposal 2: For the support of multiple active configurations per BWP for both Type 1 and Type 2 configured grant in Rel.16, 
· It is up to RAN2 to decide the maximum number of active configurations for a BWP.
· 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.
· More values for repetition number should be supported, e.g., 3/5/6/7.
2.3 Repetition scheme
As different configurations can have different parameter settings such as different resource sizes, different MCS levels, etc., it is not reasonable for UE to repeat a TB across different configurations (cross-configuration repetition). Though one benefit of cross-configuration repetitions here is to take advantage of frequency diversity and interference randomization, it can be simply achieved by UE-specific frequency hopping over GF resources of one configuration. Taking the above into consideration, it is better and more efficient to restrict the repetitions of a TB within one configuration.

As discussed in section 2.1, using multiple active configurations to facilitate flexible start is not efficient in terms of resource utilization. In this sense, to guarantee a low-latency transmission, flexible start defined in Rel.15 should also be supported in Rel.16.
In addition, in Rel.15, repetitions of a TB are not allowed to cross a period boundary. In this case, when the repetitions of a TB start from the transmission occasions (TO) other than the first TO within a period, the actual repetition number will be less than the configured number K, which may fail to meet the super high reliability requirement for Rel.16 URLLC services. To guarantee a low-latency and yet reliable transmission, repetitions should be continued in time as long as the repetition number hasn’t reached K and no early ACK or UL grant for retransmission is received. To achieve this, gNB only needs to identify the initial transmission of the TB to avoid the potential ambiguity on HARQ ID calculation between UE and gNB.
Note that transmission detection and UE identification are based on DMRS detection. Therefore, one possible way is to use different DMRSs for initial transmission and the following repetitions to facilitate the initial transmission identification. For example, as illustrated in Figure 1, a UE can be configured with two DMRSs, one (D1) is for initial transmission and the other (D2) is for the following repetitions. If the gNB detects at a TO the DMRS configured for initial transmission, i.e., D1, the gNB can identify the initial transmission at that TO successfully and count up to K transmissions in configured TOs among two resource periods. Though two HARQ IDs are involved, there will be no ambiguity on the K transmissions of one TB for the gNB in signal soft-combining as needed, where only one HARQ ID (i.e., the first HARQ ID) is used for ACK/NACK feedback or retransmission scheduling.
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Figure 1 K repetitions crossing a period boundary

Proposal 3: For both Type 1 and Type 2 configured grant in Rel.16, repetitions (either slot-based or mini-slot-based) of a TB should be 
· Conducted within one configuration when multiple active configurations are configured in a BWP.
· Supported to cross a period boundary to improve the transmission reliability.
2.4 Activation/deactivation for Type 2 configured grant
In LTE HRLLC, the MSB of the HARQ process number (HPN) field in DCI is used for activation/deactivation validation, while the other 3 bits are used to indicate which SPS configuration to activate/deactivate. This mechanism can also be used for configuration index indication in DCI format 0_0/0_1 when multiple Type 2 configurations are configured in Rel.16.
Proposal 4: For Type 2 configured grant in Rel.16, when configured with multiple active configurations in a BWP, the MSB of the HPN field in DCI format 0_0/0_1 is used for activation/deactivation validation, while the other 3 bits are used for configuration index indication.
3 Conclusion 
In this contribution, we discuss the enhancements for PUSCH transmission with configured grant. Observations and proposals are summarized below:
Observation 1: Using multiple active configurations of a UE to support K repetitions for enhancing reliability and reducing latency may not be efficient in terms of resource utilization, where different services/traffic types are not able to be supported for the UE.
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 at least for different services/traffic types. FFS other use cases.
Proposal 2: For the support of multiple active configurations per BWP for both Type 1 and Type 2 configured grant in Rel.16, 
· It is up to RAN2 to decide the maximum number of active configurations for a BWP.
· 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.
· More values for repetition number should be supported, e.g., 3/5/6/7.
Proposal 3: For both Type 1 and Type 2 configured grant in Rel.16, repetitions (either slot-based or mini-slot-based) of a TB should be 
· Conducted within one configuration when multiple active configurations are configured in a BWP.
· Supported to cross a period boundary to improve the transmission reliability.

Proposal 4: For Type 2 configured grant in Rel.16, when configured with multiple active configurations in a BWP, the MSB of the HPN field in DCI format 0_0/0_1 is used for activation/deactivation validation, while the other 3 bits are used for configuration index indication.
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