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Discussion and decision
1 Introduction
In RAN 1 #98 meeting, the following agreements were agreed:

Agreements:

· M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is

· Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released

· In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication

Working assumption:

· For activation and release of UL CG, same field(s) is/are used for a DCI format

In RAN 1 #97 meeting, the following agreements were agreed:

Agreements:

· For the maximum number of UL CG configurations per BWP of a serving cell:

· 12

Agreements:

· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details. 
In RAN 1 #96bis meeting, the following agreements were agreed:

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 
Agreements:

· 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 the support of multiple active configured grants for URLLC. 
2 Multiple active configured grants in a BWP

2.1 Activation/Release for Type 2 configured grant
RAN 1 agreed to support separate activation and joint/separate release for UL configured grant.  For separate activation/release, a new field or a re-interpretation existing field is needed to indicate which configuration(s) is activated/released. Since for different configurations, HARQ process ID may be same or different, it is better to introduce a configured grant index. The new field or re-interpretation of existing field in DCI for activation/release can be associated with the configuration grant index. As in LTE, HPN (HARQ process number) field can be used for separate activation/release of one of multiple SPS configurations.  Similarly, HPN filed can also be used to release one set of multiple configurations of type 2 configured grant in NR.  In Rel-15, 4 bits are used for HPN in DCI format 0-0/0-1. For the new DCI for URLLC in Rel-16, the bitwidth of HPN field is configurable. In order to achieve high reliability of PDCCH, the new (compact) DCI format for activation/release can be supported. gNB shall ensure that the bitwidth of HPN is enough for activation/release of multiple UL CG configurations.
Proposal #1: HPN field is used for activation/release associated with UL CG configurations. 
Proposal #2: New DCI format for URLLC can be used for activation/release for type 2 configured grant. gNB needs to ensure the bitwidth of HPN for activation/release of multiple UL CG configurations.
In NR, HPN field is used for validation of the DCI for release. In order to keep the similar false alarm of PDCCH as in Rel-15, TDRA field can be used for validation of the DCI for release.   

Proposal #3: TDRA field is used for validation of the DCI for release.   

2.2 MAC CE for Configured Grant Confirmation 
MAC CE is used for configured grant confirmation to ensure the reliability of activation/release DCI. In Release 16, one use case to support multiple UL CG configurations is to reduce latency and ensure the reliability. In this case, the activation of multiple CG configurations shall be done within a short time. Moreover, the PUSCH resource of multiple CG may be overlapped, shown as Figure 1. If some of the DCI(s) for activation is missed, gNB and UE may have misunderstanding on the associated between MAC CE and configured grant ID. For example given in Figure 1, if there is a dynamic grant after MAC CE for confirmation for CG #1 and CG#2 are generated, two MAC CE need to be sent. Since there is no index of CG, if one of them is missing by UE, gNB doesn’t know which one. Therefore, it is better to indicate the configured grant index in the MAC CE for configured grant confirmation. In Rel-15, MAC CE size is fixed to zero for MAC CE for configured grant confirmation. Considering the case that multiple CG configurations can be activated/released within a short time, a bitmap in MAC CE can be introduced.  In this case, one MAC CE can be used to deliver the confirmation of multiple configured grants. The signalling overhead and latency to send  MAC CE for configured grant confirmation can be reduced. 
Proposal #4: Indicate the configured grant index(es) in MAC CE for configured grant confirmation with a bitmap.
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Figure 1 
2.3 Others

In order to reduce resource reservation for configured grant, the resource of multiple configured grant might be overlapped, shown as Figure 2. For Rel-16 PUSCH enhancement, one repetition might split into two when crossing slot boundary or due to DL symbols. For one UE, at one time, only one PUSCH can be transmitted, therefore, there is no strong motivation to align DMRS. However, if multiple UEs may be configured onto same resource, it is better to align the DMRS. Therefore, in order to align the potential DMRS between different UEs, it is easier to align the DMRS of different UL configured grants of same UE first. In this case, the time domain offset can be based on one or multiple repetitions other than absolute value or number of symbols/slots. 

Observation #1: For the case of overlapping resource between same or different UEs, in order to align DMRS between UEs, the time domain offset is better to based on number of repetitions. 

If different HARQ process IDs are configured to different UL configured grants, gNB needs to differentiate on which configured grant UE is transmitting. If time frequency resource are overlapped for different configured grants, different antenna port/DMRS sequence can be configured to the UE, so that gNB determinate the associated HARQ process ID(s). Alternatively, same HARQ ID can be configured to different UL configured grants. 

Proposal #5: Different antenna port/DMRS sequence can be separately configured , to differentiate the starting position and/or HARQ ID.
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Figure 2 

In Rel-15, UE is allowed to start UL transmission at the transmission occasion with RV0 to reduce the latency. However, the reliability cannot be ensured since the transmission does not allow to cross the periodicity boundary or extend to outside transmission occasions. In Rel-15, gNB needs to detect for all the potential starting positions. In Rel-16, multiple activate configured grants in a BWP is already agreed, which can have different starting position and ensure K repetition without cross the periodicity boundary  or transmit out of transmission occasions. Therefore, there is no need to allow UE to start any transmission occasion with RV 0, which cannot unsure the reliability and increase gNB decoding complexity. An RRC signalling can be introduced to restrict UE can only start from the first transmission occasion.   
Since the length of each repetition may be different, in order to ensure the decoding reliability as well as the detection reliability, RV sequence can be configured via RRC signalling among {0, 2, 3, 1},{0, 3, 0, 3}, {0, 0, 0, 0}. So that gNB can choose one of RV based on the actual time domain resource allocation for each configuration. 
Proposal #6: Same as Rel-15, UL grant free is not allowed to across periodicity boundary of each configuration. 

Proposal #7: Introduce an RRC signalling to indicate UE can only start from the first transmission occasion in each configured grant. 
Proposal #8: Same as Rel-15, RV sequence is configured via RRC signalling among {0, 2, 3, 1},{0, 3, 0, 3}, {0, 0, 0, 0}.
3 Conclusions
In this contribution, potential enhancements of UL configured grants were discussed and following proposals were made based on the observations:
Proposal #1: HPN field is used for activation/release associated with UL CG configurations. 

Proposal #2: New DCI format for URLLC can be used for activation/release for type 2 configured grant. gNB needs to ensure the bitwidth of HPN for activation/release of multiple UL CG configurations.
Proposal #3: TDRA field is used for validation of the DCI for release.   

Proposal #4: Indicate the configured grant index(es) in MAC CE for configured grant confirmation with a bitmap.

Proposal #5: Different antenna port/DMRS sequence can be  separately configured , to differentiate the starting position and/or HARQ ID.

Proposal #6: Same as Rel-15, UL grant free is not allowed to across periodicity boundary of each configuration. 

Proposal #7: Introduce an RRC signalling to indicate UE can only start from the first transmission occasion in each configured grant. 

Proposal #8: Same as Rel-15, RV sequence is configured via RRC signalling among {0, 2, 3, 1},{0, 3, 0, 3}, {0, 0, 0, 0}.
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