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Introduction
A work item on physical layer enhancements for NR URLLC has been approved in RAN#83 with the following objective for PUSCH [1];
	· Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· Note: V2X use cases are also considered 


In this contribution, we discuss the possible enhancements for UL configured grant transmission to reduce the transmission alignment delay. We provide design guidelines for the multiple active configured-grant configurations based on the targeted objective of this scheme. 
Discussion
UL configured-grant (CG) transmission is essential to achieve the strict latency requirement for URLLC. In Rel-15, small periodicities has been adopted for CG to enhance the scheme’s latency. However, the Rel-15 configurations and procedures for UL CG can cause issues to the latency and reliability of the URLLC traffic.
Multiple active CG configurations
CG configuration with multiple shifted starts
During the URLLC SI, mechanisms to ensure a sufficient number of repetitions to meet the latency and reliability requirements were studied. This included multiple active CG configurations. In addition, using single configured grant configuration to reduce the latency was proposed by several companies. The design of the multiple active CG configurations, in terms of independency and activation/deactivation signalling, depends on the targeted objective. Multiple active CG configurations can serve two purposes;
Supporting multiple services: For this purpose, as each configuration will be used by specific service, the CG configurations can have different transmission parameters. Also, it is practical to have independent activation/deactivation signalling for each CG configuration.
Reducing the alignment delay: The CG configurations have the same transmission parameters apart from the starting symbol for the time domain allocation and the DMRS for each configuration. So, if the UE configured with 6 CG configurations, all the configuration parameters (high-layer and L1 via DCI) will be identical apart from the starting symbol for the time domain allocation and the DMRS for each configuration. Having independent CG configurations for this case will result in significant, unnecessary, RRC (for Type-1 and Type-2) and DL control (for Type-2) overhead. For example, to have 6 Type-2 CG configurations, the UE need to be configured with 6 RRC configurations, and the gNB has to transmit 6 DCIs to activate the configurations and 6 DCIs to deactivate the configurations. In addition, as the CG configurations configured independently, the UE will not know what transmission parameters will be used until it selects the CG configuration based on the packet arrival time. Hence, it will impact the UE preparation time for the PUSCH. For example, with a single active CG configuration, the UE may require N2/2 symbols to prepare the PUSCH transmission, because the transmission parameters are known in advance. However, with independent multiple active CG configurations, the UE may require N2 symbols.
Observation 1: Using multiple active CG configurations with independent parameters to reduce the alignment delay increases the time required to prepare the PUSCH transmission by the UE, and introduces unnecessary signalling overhead.
One way to reduce the alignment delay without introducing unnecessary signalling overhead is to have multiple shifted starts for the initial transmission in the CG configuration. Figure 1 illustrates the scheme (CG with P=7 and PUSCH = 4OS) with a shifted start of the initial transmission by 3OS. In this example, the UE can start the initial transmission at 1st OS or the 4th OS. The UE can be configured with a high-layer parameters that indicates the number of shifted starts and the step for each shift (e.g. in number of OS), and each shifted start could be associated with a specific DMRS to enable the gNB in detecting the transmission. The network will be able control the possible number of starts for the initial transmission, and it can be optimized based on the latency requirements.
Also, this can be viewed as special implementation for the multiple active CG configurations. 
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[bookmark: _Ref5126282]Figure 1: An example of CG configuration with multiple shifted starts.
Proposal 1: For NR Rel-16, support CG configuration with multiple shifted starts for the initial transmission.
Enabling/disabling the “flexible-start” feature
In Rel-15 CG, the “flexible-start” allows the UE to start the initial transmission of a transport block at;
· the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
· any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
· any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K=8.
The “flexible-start” intended to reduce the alignment delay by giving the UE multiple transmission opportunities to start the transmission. However, as it was identified in the early stages of the SI, as the UE is not allowed to cross the period boundary, only part of the K repetitions will be transmitted if the UE didn’t start from the first transmission occasion of the K repetitions. Hence, the reliability of the transmission will be jeopardized.
Multiple CG configurations was introduced in this WI to reduce the alignment delay, as an alternative to the “flexible-start”. However, when the UE is configured with multiple CG configurations (to reduce the alignment delay), the “flexible-start” could still jeopardize the reliability of the transmission. For example, as illustrated in Figure 2, a UE is configured with 2 CG configurations for the same service and configured with RV sequence {0,0,0,0}. If the packet arrived after missing TO#1 of Config#0, the following two UE behaviours are possible and valid;
· Case-1: The UE starts the transmission on TO#2 of Config#0.
· Case-2: The UE starts the transmission on TO#1 of Config#1.
While in case-2 the UE transmits the intended number of repetitions, in case-1, there will be only on repetition transmitted by the UE. Hence, the transmission reliability cannot be guaranteed. Also, the gNB will have to blindly check for the two cases.
Observation 2: Using multiple active CG configurations (to reduce the alignment delay) with “flexible-start”, could jeopardize the reliability of the transmission and increases the gNB complexity.
Proposal 2: For NR Rel-16, support the possibility of enabling/disabling the “flexible-start” feature in CG configuration.
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[bookmark: _Ref21355582]Figure 2: An example of a UE configured with two CG configurations.
Conclusion
In this contribution, we discussed the enhancements for configured-grant and we have the following observations and proposals:
Observation 1: Using multiple active CG configurations with independent parameters to reduce the alignment delay increases the time required to prepare the PUSCH transmission by the UE, and introduces unnecessary signalling overhead.
Proposal 1: For NR Rel-16, support CG configuration with multiple shifted starts for the initial transmission.
Observation 2: Using multiple active CG configurations (to reduce the alignment delay) with “flexible-start”, could jeopardize the reliability of the transmission and increases the gNB complexity.
Proposal 2: For NR Rel-16, support the possibility of enabling/disabling the “flexible-start” feature in CG configuration.
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