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Discussion and decision
1 Introduction
In RAN #83 meeting, new work item for enhanced URLLC was agreed [1] with the following objective:

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

Rel-15 NR supports two types of configured grants, where for Type 1 configured grant, all the parameters for UL transmission are configured by RRC and UE can directly use the configured grant after receiving RRC configuration,  and for Type 2 configured grant, some configurations and periodicity are configured by RRC while the uplink grant is indicated via DCI for activation. In study item phase, it was agreed to support multiple activated configured grants in a BWP least for different services/traffic types and/or for enhancing reliability and reducing latency. 
2.1 Type 1 configured grant
For Type 1 configured grant, in order to provide more flexible starting positions to reduce latency, different time domain offsets (i.e., different starting slot/symbol) can be configured in each configured grants in a BWP. For example, shown as Figure 1, the starting position between two configurations has an offset. If the UL data arrives after the staring position of Configuration #0, UE can start uplink transmission at the transmission occasion according to Configuration #1. For the purpose of latency reduction, other parameters for different configured grants might be the same, e.g., same MCS and TBS. In addition, the time-frequency domain allocation might also be the same. In this case, gNB can configure different antenna port for each configuration if they share the same time-frequency resource. Similarly, gNB can determinate on which configuration of the received UL transmission based on time-frequency resource and antenna port, then determinate the associated HARQ process ID(s). On the other hand, gNB may choose to use different time-frequency resource for each configured grants, where it doesn’t require gNB to be able to detect for potential overlapping of UL transmissions. 
Proposal #1: For Type 1 configured grant, at least different starting offset can be separately configured for each active configured grants in a BWP. 
Proposal #2: For Type 1 configured grant, it is up to gNB to configure same or different parameters for each configured grants.  
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Figure 1 
2.2 Type 2 configured grant
For Type 2 configured grant, most of the parameters are indicated via activation DCI. In general, there are two options for activation and deactivation DCI: 

· Option 1: Single DCI to activate or deactivate multiple Type 2 configured grant configurations

· Option 2: Separated DCIs to activate or deactivate multiple Type 2 configured grant configurations

In order to support different services/traffic types with multiple activate configured grants in a BWP,  it is better to support different MCS/TBS, periodicity for each configured grants. At least for this use case, separated DCIs to activate or deactivate each Type 2 configured grants can be the baseline. 
Proposal #3: Separated DCIs for activation/deactivation is supported as a baseline for Type 2 configured grant.

For Type 2 configured grant, the some configurations are provided  via RRC, e.g., some configuration for PUSCH transmission and periodicity. For different services/traffic types, the periodicity might be quite different. Therefore, at least periodicity can be configured separately for each configuration set for Type 2 configured grant. Moreover, the proper PUSCH configuration might be also different. For example, for high reliability traffic, MCS Table with low spectral efficiency is needed, while for normal traffic, normal MCS table may be a better choice. Therefore, it is better to support multiple configuration sets in RRC signalling for Type 2 configured grant. For each configuration, the HARQ process ID can be separated to avoid misunderstanding of retransmission. For example, Configuration #0 has HARQ process ID #0~1 and Configuration #1 has HARQ process ID #2~3. 
Proposal #4: Multiple configuration sets in RRC can be configured for Type 2 configured grant.
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In DCI for activation, one new field needs to be added to indicate the configured grant index.  UE can obtain the associated configurations from the additional field in activation DCI. Similarly, the index field is also needed in deactivation DCI, so that UE can determinate which configured grant is deactivated.  
In addition, some active configured grants might share the same set of configuration in RRC. For example, in order to provide multiple starting positions and ensure K repetition, multiple active configured grants might share the same configuration (e.g., periodicity and PUSCH transmission format). Therefore, if multiple configured grants are associated with one configuration, an additional index in DCI for activation or deactivation is also needed to further indicate which configured grant is activated or deactivated. In order to not increase DCI size, some HARQ process number field and/or RV field can be reused for activation and deactivation. 

Figure 2 provides an example, where two configurations are configured by RRC for Type 2 configured grant with Periodicity 1 and Periodicity 2 respectively. Four DCIs are used to activate for Type 2 configured grants separately, in which configuration set and index are dynamically indicated. For each configuration, different time/frequency domain resource, MCS/TBS can be same or different.  
Proposal #5: DCI for activation/deactivation is used to indicate the associated configuration set to obtain the parameters configured by RRC. 
Proposal #6: If multiple active configured grants associated with one configuration set can be activated, DCI for activation/deactivation is used to indicate the index of the active Type 2 configured grant. 
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Figure 2 
Compared with separated DCI (Option 2), Option 1 can reduce DL overhead to use one DCI to active or deactivate multiple Type 2 configured grant. However, the payload size of a DCI is limited. Especially for eURLLC, a more compact DCI will be introduced.  In order to not increase blind decoding time and not impact on the reliability of PDCCH decoding, if single DCI is used to activate or deactivate multiple configured grants, it is better to not increase DCI size. There are two methods:

· Method #1: gNB configured multiple UL grants for each configured grant via RRC signalling and DCI indicates one of the UL grants to UE. For example, for each configured grant, use 4 bits in DCI to indicate one of 16 potential UL grants, which are configured by gNB via RRC signalling. One state for each configured grant can be used for deactivation. In this case, one DCI can be used for activation/deactivation for different configured grants.
· Method #2: Some common parameters are indicated by DCI for all the activated configured grants and some parameters are derived for each configured grants based on some pre-defined rule. For example, TBS/MCS, frequency domain resource allocation, and time domain allocation can be the same between different active configured grants. Pre-configured a time domain offset for each configuration can be configured by RRC. The number of activated configured grants can be either pre-configured by RRC or indicated by activation DCI.  However, in this case, the sets of configured grants can only be deactivated together by setting some special fields in DCI for deactivation. Alternatively, a bitmap can be introduced in DCI to activate/deactivate a subset of configured grants. 
Neither of the methods can provide same flexibility compared with separated activation DCI. However, it might be able to reduce DL overhead, which worth to be further studied.

Proposal #7: Further study if single DCI to activate or deactivate multiple Type 2 configured grant configurations shall be supported or not.

· If supported, strive to not increase DCI size.

3 Handling of UL/DL direction for UL configured grant
In Rel-15 NR, PUSCH can only transmitted on the slot if semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PUSCH assigned symbols. As long as there is one symbol collided with the semi-static direction, the PUSCH transmission in that slot is cancelled. Moreover, dynamic SFI can cancel the transmission of UL configured grant (except the first transmission for Type 2 configured grant). 
In Rel-16 PUSCH transmission, it was agreed to enable one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots. Therefore, there is no need to cancel the transmission of the whole slot. If there is direction confliction with semi-static direction, the corresponding one repetition/or the symbols can be either postponed or cancelled. In order to ensure the reliability, postpone is more preferred for URLLC traffic if the configured grant has confliction with semi-static direction. In another words, the configured transmission length is the actual transmission length.  However, since gNB knows where may have UL transmission configured via configured grants, if gNB decide to change UL/DL direction by dynamic SFI, gNB may want to cancel some transmission on purpose. Therefore, for UL/DL direction changed indicated by dynamic SFI, cancelation is preferred. In addition, for the case UL transmission segmented based on UL/DL direction, considering the potential miss detection of DCI for dynamic SFI, the whole transmission can be cancelled. 
Proposal #8:  The UL transmission is postponed if the configured grant has confliction with semi-static direction or cancelled the one transmission/repetition by dynamic SFI.
4 Conclusions
In this contribution, potential enhancements of UL configured grants are discussed and following proposals were made based on the observations:
Proposal #1: For Type 1 configured grant, at least different starting offset can be separately configured for each active configured grants in a BWP. 

Proposal #2: For Type 1 configured grant, it is up to gNB to configure same or different parameters for each configured grants.  

Proposal #3: Separated DCIs for activation/deactivation is supported as a baseline for Type 2 configured grant.

Proposal #4: Multiple configuration sets in RRC can be configured for Type 2 configured grant.

Proposal #5: DCI for activation/deactivation is used to indicate the associated configuration set to obtain the parameters configured by RRC. 
Proposal #6: If multiple active configured grants associated with one configuration set can be activated, DCI for activation/deactivation is used to indicate the index of the active Type 2 configured grant.

Proposal #7: Further study if single DCI to activate or deactivate multiple Type 2 configured grant configurations shall be supported or not.

· If supported, strive to not increase DCI size=.

Proposal #8:  The UL transmission is postponed if the configured grant has confliction with semi-static direction or cancelled the one transmission/repetition by dynamic SFI.
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