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[bookmark: _Ref521334010]Introduction
The URLLC work item was approved in RAN#83 [1]. Enhanced UL configured grant transmission is one of the objectives in the WID noted as:
[bookmark: OLE_LINK5]Detailed objectives of the work item are the following:
· …
· [bookmark: OLE_LINK17][bookmark: OLE_LINK2]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 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Note: V2X use cases are also considered 
The work in this item shall follow the agreements made during the study item.

At RAN1#95 [2], multiple active configured grants have been discussed and the following agreement was 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

This contribution discusses further details of multiple active configured grant configurations for supporting different services/traffic types and/or for enhancing reliability and reducing latency.

Discussion
Use cases
There are two use cases which may require multiple active configured grant configurations within a given BWP of a serving cell:
· Use case 1: for different services/traffic types
· Use case 2: for enhancing reliability and reducing latency.
For different services/traffic types, multiple services/traffic can be characterized by different periodicities, latency and reliability requirements, and they also differ in its characteristics including arrival time, offset, and payload size, as shown in Figure 1. Multiple configured grant configurations with different sets of parameters can be configured to the UE for different services/traffic types.
For enhancing reliability and reducing latency, the alignment latency caused by random arrival of data is minimized by providing multiple starting offsets, as shown in Figure 2. The latency is reduced by providing the UE with multiple configurations with different starting offsets such that the UE is allowed to use the resources of the one with the earliest transmission time when the data arrives. For this use case, multiple active configured grant configurations may share majority of the parameters except time-domain starting offsets and frequency-domain resources or DMRS.



Figure 1: Use case 1, different services/traffic types



Figure 2: Use case 2, enhancing reliability and reducing latency

HARQ process ID determination for multiple configured grant
UE and gNB should have common understanding on which HARQ process ID is assigned to a configured grant PUSCH. In Rel.15 configured grant, the HARQ Process ID for a configured grant PUSCH transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol refers to the symbol index of the first transmission occasion of a repetition bundle that takes place. 
With multiple configured grant configurations, there may be HARQ process ID collision following Rel-15 HARQ process ID equation. Using Figure 3 as an example, assuming 3 HARQ processes are configured for UL configured grant, i.e. nrofHARQ-Processes = 3, Configuration 1 will collide with Configuration 2 during its fourth and eighth period.

[bookmark: _GoBack]
Figure 3: HARQ process ID collision for multiple CG

In order to resolve the HARQ process ID collision, an HARQ process ID offset can be configured for each configured grant configuration and HARQ process ID is derived according to the following equation.
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + offset.
For example, for the two configurations, the total needed HARQ process number is still 3. Assuming nrofHARQ-Processes = 2 for Configuration 1 and nrofHARQ-Processes = 1 for Configuration 2, offset of Configuration 1  is 0, and offset of Configuration 2 is 2, Configuration 2 will always use HARQ process 2, and Configuration 1 will always use HARQ process 0 and 1. There is no issue of HARQ process ID collision as shown in Figure 4.


Figure 4: HARQ process ID with offset

For use case 2, enhancing reliability and reducing latency, if the maximum number of UL HARQ processes is kept the same as in Rel-15, i.e. maximum 16 HARQ processes, the maximum number of HARQ processes may limit the UE to transmit other traffic. For example, if each configuration has a specific offset, when there are two traffic and each one has 8 configurations, there is no further HARQ process for other traffic.
Actually, for use case 2, enhancing reliability and reducing latency, within one period, only one configuration is selected by the UE to perform a PUSCH transmission. There is no HARQ process ID collision among multiple active configured grant configurations. The HARQ process ID offset can be configured to be the same, e.g., 0.
Proposal 1: A HARQ process ID offset is configured for each configured grant configuration and it is added to the HARQ process ID calculation equation.

Other signaling design
The maximum number of active configured grant configurations for a BWP of a serving cell should be specified. Since the maximum number of UL HARQ processes for NR is 16, the maximum number of active configured grant configurations should not be larger than 16. In order to support multiple configurations in both use case 1 and use case 2, the maximum number of active configured grant configurations could be 16.
For resource configuration flexibility and efficiency, it is necessary to support other values of repetition number, e.g., 3/5/6/7 and so on.
For Type2 multiple active configured grant configurations, separate DCI can be used for activation/deactivation signaling. If multiple configurations have very similar parameters, they can be one group sharing the RRC signaling and activation/deactivation signaling. In this case, it is beneficial to use one DCI to activate/deactivate multiple configurations which belong to one group for overhead and latency reduction. 
Proposal 2: Further design is needed for signaling including the maximum number of active configured grant configurations, new repetition number, and the activation/deactivation signaling.

Extension of one single configured grant configuration 
In multiple configured grant configurations, different frequency domain resources or different DMRS are used to distinguish different configurations. From the aspect of spectral efficiency, different DMRS are the first choice. The required DMRS resource number is equal to the number of configurations. 
To support traffic with similar reliability and latency performance, 4 configuration and then 4 DMRS resources are needed in four active configured grant configurations, as shown in Figure 5. 


Figure 5: Multiple active configured grant configurations
An alternative solution is the extension of one single configured grant configuration to support cross period boundary transmission, as shown in Figure 6-8. The required DMRS resource number in the extension of one single configured grant configuration is equal to the number of maximum occupied periods, which is always less than or equal to the number of configurations in the multiple active configured grant configurations.
In Figure 6, RV={0 0 0 0} is configured. The UE could start its first repetition of a bundle at the earliest time when the data arrives. This can achieve the required latency, which is same as multiple active configured grant configurations. Here the required DMRS resource number is 2.



Figure 6: Extension of one single configured grant configuration for RV={0 0 0 0}

When RV= {0 3 0 3} is configured, the UE could start its first repetition of a bundle at the TO associated the RV=0. In this case, K/2 periods are used to finish the transmission bundle. In Figure 7, the required DMRS resource number is 2.


Figure 7: Extension of one single configured grant configuration for RV={0 3 0 3}

When RV= {0 2 3 1} is configured, for services with very stringent latency requirement, to allow the UE to start its first repetition of a bundle at the earliest time when the data arrives, the period should be equal to the repetition duration. In this case, K periods are used to finish the transmission bundle. Then, K DMRS resources are needed. In Figure 8, the required DMRS resource number is 4.


Figure 8: Extension of one single configured grant configuration for RV={0 2 3 1}

To avoid the ambiguity between the gNB and UE on HARQ process ID determination, the HARQ process ID determination is based on the first symbol of the period that initial PUSCH transmission takes place. The multiple periods occupied by a bundle can be differentiated by different DMRS. For example, if the gNB detects a repetition in period n+1 with DMRS 2, the gNB knows the initial PUSCCH transmission takes place on slot n. Then the gNB determines the HARQ process ID based on slot n rather than based on slot n+1.
From the above analysis, extension of one single configured grant configuration to allow cross period boundary transmission could enhance reliability and reduce latency with potentially less DMRS resources. 
Proposal 3: Further study the cross period boundary transmission for enhancing reliability and reducing latency.

Conclusion
In this contribution, we discussed details of multiple active configured grant configurations for Rel-16 URLLC. The proposals are summarized as follows:
Proposal 1: A HARQ process ID offset is configured for each configured grant configuration and it is added to the HARQ process ID calculation equation.
Proposal 2: Further design is needed for signaling including the maximum number of active configured grant configurations, new repetition number, and the activation/deactivation signaling.
Proposal 3: Further study the cross period boundary transmission for enhancing reliability and reducing latency.
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