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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][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 

At RAN1#96bis [2], multiple active configured grant configurations for URLLC have been discussed and the following agreements were reached: 
Agreements:
· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.
· FFS whether or not some parameters can be common among different configured grant configurations 
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 

This contribution discusses further the remaining details of multiple active configured grant configurations.
Discussion
Multiple active configured grant configurations are motivated by two use cases:
· Use case 1: for different services/traffic types
· Use case 2: for enhancing reliability and reducing latency.
For use case 1, multiple configured grant configurations are configured for different services/traffic types which are characterized by different periodicities, latency, reliability requirements, arrival time and payload size etc. 
For use case 2, multiple configured grant configurations are configured for the same service/traffic to reduce the alignment latency caused by random arrival of data and enhance the reliability by ensuring K repetitions. For this use case, multiple active configured grant configurations may share majority of the parameters except time-domain starting position and DMRS.
Activation/release for different configured grant Type 2 configurations
It was agreed to support separate activation and release for different configured grant Type 2 configurations for a given BWP of a serving cell. It is reasonable for use case 1 since the parameters including e.g. time and frequency resource allocation, MCS can be quite different for different configured grant configurations and also the different services/traffic types are likely to start at different time occasions. But for use case 2, multiple configured grant configurations are expected to be activated/released at the same time since they are target for the same service/traffic and they share majority of the parameters e.g. frequency-domain resource allocation, MCS etc. If multiple configured grant configurations can only be activated/released by separate DCIs, assuming 8 configured grant configurations are configured for use case 2, gNB needs to transmit 8 DCIs for activation/release leading to high DCI signaling overhead and increased latency. Therefore, it is proposed to support joint activation/release in a DCI for two or more configured grant Type 2 configurations for the case of enhancing reliability and reducing latency. 

Proposal 1: Support joint activation/release in a DCI for two or more configured grant Type 2 configurations for the case of enhancing reliability and reducing latency.

In order to joint activate/release multiple configurations, DCI needs to indicate which configuration(s) are activated. There are different options to indicate the activated/released configurations:
· Option 1: Each configuration is configured with an index and different configurations have different indices. One DCI indicates multiple indices via bitmap or joint coding to active the corresponding configurations.
· Option 2: DCI indicates one of the parameters configured for each configuration and all the configurations with the same value as indicated in DCI are activated/released. The parameter could be configuration index, group/activation index, HARQ process ID offset, etc. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]For Option 1, gNB can dynamically determine the set of configurations to be activated/released. The configurations can be indicated via bitmap or joint coding, e.g. SLIV-based joint coding. gNB can indicate non-consecutive configurations via bitmap at the cost of higher overhead while gNB can only indicate consecutive configurations via joint coding. Assuming UE is configured with 16 configurations, 16 bits are required for bitmap based indication and 8 bits are required for joint coding based indication.
For Option 2, gNB semi-statically configure the set of configurations that can be jointly activated/released. For example, multiple configured grant configurations addressing the same service/traffic type are configured with the same configuration index, group index, activation index or the same HARQ process ID offset etc. It is less flexible than option 1 but it may reduce the signaling overhead compared to option 1. Assuming UE is configured with 16 configurations with configurations 0 to 7 for traffic type 1 and configurations 8 to 15 for traffic type 2, only 1 bit is required to indicate the activated/released configurations. Furthermore, the flexibility provided by Option 1 may not be necessary/beneficial for use case 2 because the higher layer would also semi-statically configure the mapping between the logical channel(s) to the configured grant configuration(s), i.e. the mapping between the service/traffic type and the configured grant configuration(s) is semi-static. Thus, Option 2 is preferred. 

Proposal 2: DCI indicates one of the parameters configured for each configuration and all the configurations with the same value as indicated in DCI are activated/released.

Another issue for joint activation in a DCI for two or more configured grant Type 2 configurations is that different configurations may have different physical layer parameters which require independent DCI fields for each configuration leading to large payload size. However, it is not an issue for use case 2 since it is expected that most parameters are the same for different configurations except starting time position and DMRS. Furthermore, the starting positions for different configurations are expected to be staggered in time so that instead of having separate DCI fields for each configuration, DCI can indicate the SLIV for the first configuration and the time offset between different configurations can be determined according to the following options.
· Option 1: One time offset/time offset pattern between different configurations is pre-configured,
· Option 2: Multiple time offsets/time offset patterns between different configurations are pre-configured.
For Option 1, one time offset or one time offset pattern is semi-statically configured and no DCI field in the activation DCI is used to indicate the time offset. To be more specific, if the time offset between any two adjacent configurations is the same, one single time offset can be configured, e.g. one time offset of 2 symbols can be configured for the example shown in Figure 1. Otherwise if time offset could be different for different two adjacent configurations, a time offset pattern can be configured.



Figure 1: Multiple CG configurations with time offset of 2 symbols

For Option 2, multiple time offsets or time offset patterns between different configurations are pre-configured and DCI indicates one time offset or time offset pattern. For the same example shown in Figure 1, assuming UE is configured with a set of time offsets with values of {1, 2, 4, 8} symbols, gNB can indicate time offset of 2 symbols using a 2-bit DCI field in the activation DCI.
Option 1 can save the DCI signaling, but it lacks the flexibility of setting time offset. Option 2 has the flexibility of setting time offset among multiple configurations, but it needs the DCI support. For use case 2, the time offset among multiple configurations could be configured semi-statically. Thus, Option 1 is preferred.
For DMRS, if different DMRS are configured to different configured grant configurations, similar approach can be applied by replacing the time offset by for example DMRS port number.

Proposal 3: For time offset or DMRS in activation DCI, one offset or one offset pattern between different configurations is pre-configured.

DMRS overhead reduction for multiple configured grant configurations
In multiple configured grant configurations for one traffic, different time/frequency domain resources or different DMRS may be needed to distinguish different configurations for the purpose of HARQ process ID and/or RV determination. From the aspect of spectral efficiency, it is preferred to share the same time/frequency resources when possible and different DMRS are used to differentiate different configurations. Generally, the required number of DMRS resources is equal to the number of configurations. 
For example, at least 4 DMRS resources are needed for four active configured grant configurations, as shown in Figure 2. 



Figure 2: Multiple active configured grant configurations

If precoding is configured, and/or multiple UEs share the same resources, and/or the number of configurations is very big for example 8, the DMRS resources may be not enough. This will affect both reliability and latency of URLLC services. That means, in some cases, using multiple active configured grant configurations with configuration-specific DMRS is not feasible. It is necessary to reduce DMRS overhead for multiple active configured grant configurations.
One way to reduce DMRS overhead is DMRS sharing among multiple active configured grant configurations, as shown in Figure 3. With this solution, only two DMRS are needed. 
There are three characteristics for the DMRS sharing among multiple active configured grant configurations:
· Use same DMRS among multiple active configured grant configurations;
· Use different DMRS at least in two adjacent configured periods;
· Bind the RV with the time instance for all configurations. 



Figure 3: DMRS sharing among multiple configured grant configurations

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 reference period that initial PUSCH transmission takes place. Here the period of Configuration 1 is the reference period. For example, if the gNB detects a repetition in reference period n+1 with DMRS 1, the gNB knows the initial PUSCCH transmission takes place in reference period n. Then the gNB determines the HARQ process ID based on in reference period n rather than based on in reference period n+1.
To avoid the RV blind detection issue when RV={0 2 3 1} or RV={0 3 0 3} is configured, bind the RV with the time instance for all configurations. For example, as shown in Figure 3, assuming that RV {0, 2, 3, 1} are configured for 4 transmission occasions of the period of Configuration 1, the actual RV sequence is {2 3 1 0} for configuration 2.
The benefit of this DMRS sharing solution is the DMRS overhead reduction significantly. The issues may be the retransmission scheduling latency. As a worst case, if UE use Configuration 1 for UL transmission and gNB miss the first three repetitions, gNB will have to start its retransmission scheduling after the third TO of the latter period. The addition latency is up to 3 TOs. However, after considering the following two points: (1) the miss detection probability is very small, (2) it occurs only in retransmission case, the issue of retransmission scheduling latency is not very serious.

Proposal 4: Further study the following DMRS sharing solution for multiple active configured grant configurations:
· Use same DMRS among multiple active configured grant configurations;
· Use different DMRS at least in two adjacent configured periods;
· Bind the RV with the time instance for all configurations. 

Ensuring K repetitions
With multiple active configured grant configurations, K repetitions could not always be ensured. For some reasons, some symbols within the configured grant time domain allocation may be not available. Clearly, this affects reliability as the number of repetitions is dimensioned when the semi-static configuration or a dynamic SFI is received during an ongoing UL configured grant transmission. An example is shown in Figure 4. Part or all symbols in the third transmission occasion of Configuration 1 are indicated as DL by a semi-static configuration or a dynamic SFI. The third repetition will be dropped. In this case, only 3 repetitions are transmitted. The reliability will be affected. It is proposed to study the solutions to ensure K repetitions. A possible solution is cross period boundary transmission, which could enhance reliability and reduce latency with potentially less DMRS overhead [3].



Figure 4: K repetitions are not ensured

Observation 1: Multiple active configured grant configurations could not always ensure K repetitions.
Proposal 5: Further study the solutions to ensure K repetitions. 

[bookmark: _GoBack]Conclusions
In this contribution, we discussed details of multiple active configured grant configurations for Rel-16 URLLC. The proposals and observations are summarized as follows:
Proposal 1: Support joint activation/release in a DCI for two or more configured grant Type 2 configurations for the case of enhancing reliability and reducing latency.
Proposal 2: DCI indicates one of the parameters configured for each configuration and all the configurations with the same value as indicated in DCI are activated/released.
Proposal 3: For time offset or DMRS in activation DCI, one offset or one offset pattern between different configurations is pre-configured.
Proposal 4: Further study the following DMRS sharing solution for multiple active configured grant configurations:
· Use same DMRS among multiple active configured grant configurations;
· Use different DMRS at least in two adjacent configured periods;
· Bind the RV with the time instance for all configurations. 
Observation 1: Multiple active configured grant configurations could not always ensure K repetitions.
Proposal 5: Further study the solutions to ensure K repetitions. 
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