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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #83 meeting, a new WI regarding “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)” was approved [1]. There were discussions in RAN1 #96bis meeting and following agreements were made on enhanced UL configured grant for URLLC [2]. In this contribution, we discuss and present our views on the design of multiple resource configuration, including configuration method, activation/deactivation for multiple resource configurations, construction of repetitions aiming at ensuring K repetitions, HARQ process ID determination.
	Agreements:
· [bookmark: OLE_LINK38]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 



2. [bookmark: OLE_LINK6]Discussion 
2.1. Configuration of multiple resource configuration 
In RAN1 #96bis meeting, it was agreed to support separate RRC parameters for different configured grant configurations for a given BWP of a serving cell. It should be noted that multiple resource configurations are used to address two use cases identified during the SI, i.e. supporting different services or enhancing reliability and reducing latency. 
In case of different services, separate parameters are needed for a given service, e.g. following parameters for a resource configuration can be configured separately.
· Time resource allocation
· Frequency resource allocation
· MCS table and/or MCS level
· Periodicity
· DMRS configuration/sequence
· RV sequence
· Power control parameters
· Others if any
In case of enhancing reliability and reducing latency, there could be common parameters among different resource configurations, e.g. periodicity, MCS, etc. The only parameter that is different among configurations may be the starting offset. Given that separate configuration for RRC parameters is supported, it is also applicable for the case of enhancing reliability and reducing latency.
[bookmark: OLE_LINK1]Observation 1: gNB can configure common or different RRC parameters for multiple resource configurations depending on the use case.
Another issue is that gNB needs to detect the resource configuration on which UE is using to transmit the data if multiple resource configurations are enabled for a UE. Following methods can be adopted.
· Option 1: DMRS based method
· Option 2: UCI based method
For option 1, Different DMRS parameters/sequences are configured for different resource configurations, i.e. each configuration is associated with an individual DMRS sequence or parameter.
For option 2, each transmission includes a UCI carrying information of actual transmitted resource configuration. Note that UCI transmission for UL configured grant is supported for NR-U. Similar to NR-U, HARQ ID can be determined and selected by UE and be transmitted via control information, e.g. UCI, which is separately encoded from data. Therefore, gNB can decode the UCI and acquire HARQ ID before decode the data part.
Due to flexible starting occasion, it may be difficult for gNB to identify the initial transmission of K repetitions. Especially when part of the K repetitions could be missed at gNB side, gNB may not be aware that which repetitions need to be combined. Therefore, indication of initial transmission and repetitions could be useful. NDI is used to differentiate initial transmission and retransmission for dynamic grant. Similarly, NDI can be used for grant-free transmission and indicated via UCI such that gNB can identify the initial transmission of K repetitions from UCI.
UE can be configured with RV sequences for K repetitions. In Rel. 15, RV is associated with the transmission occasions within period. Thus, gNB can identify RV from the transmission occasion where UL data are transmitted. As discussed above, flexible starting occasion is needed for URLLC. Therefore, it is not necessary to associate RV sequences with transmission occasion any more. There may be issue that gNB may need to blindly detect the UL data if RV information is not acquired at gNB. To reduce the detection complexity, RV can be indicated by UCI. 
For UCI on grant-free transmission, either puncturing or rate-matching can be used for UCI mapping on PUSCH. Considering the payload of UCI, rate-matching with PUSCH is preferred. When K repetitions are adopted, UCI needs to be mapped to each repetition. Since gNB needs to combine the K repetitions, the code rate of K repetitions should be kept the same. 
Proposal 1: Regarding multiple resource configurations, following options can be adopted.
· Option 1: Different DMRS parameters/sequences are configured for different resource configurations 
· Option 2: UCI carrying information of UE selected resource configuration is transmitted with data. 
· UCI including HARQ ID is transmitted together with data.
· NDI is included in grant-free UCI to differentiate initial transmission and repetitions.
· RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.
· UCI is multiplexed onto each repetition.

As discussed in the previous meetings, multiple resource configurations can be configured with different starting offsets to enable flexible starting position for URLLC traffic, i.e. ensuring K repetitions. Since the number of repetitions are configurable by network, the number of resource configurations of UL configured grant needs to be also configurable. In addition, multiple configured grant configurations with different types can be used for different service types. E.g. a type1 configured grant is configured for the periodic traffic without the need for link adaptation while a type2 configured grant can be used for providing the flexibility to adapt to the channel. Therefore, it should be allowed to configure a UE multiple resource configurations with different configured grant types. To be specific, the total number of resource configurations including type 1 and type 2 UL configured grant is configured by RRC. 
Proposal 2: The total number of resource configurations including type 1 and type 2 UL configured grant is configured by RRC.

2.2. Activation/deactivation for multiple resource configurations
2.2.1. Activation
Regarding type 2 UL configured grant, it was agreed to support separate activation for different configured grant Type 2 configurations. In such case, the activation DCI needs to indicate which resource configuration is to be activated. E.g. an activation field is included in DCI by using new field or the existing fields. The codepoint of the activation field in the activation DCI indicates a given resource configuration. 
In case of multiple resource configurations for different services, separate activation DCI is needed since there will be different parameters among configurations. On the other hand, in case of multiple resource configuration for enhancing reliability and reducing latency, it is beneficial to support joint activation in a DCI for two or more configured grant Type 2 configurations, since the joint activation can reduce the latency of activation and the signaling overhead. It should also be pointed out that some parameters among different resource configurations can be common in such case. Therefore, a DCI activating multiple type 2 resource configurations can be supported. 
To accommodate the cases of activation by separate DCI or joint DCI, the activation field in the activation DCI can be associated with a set of resource configurations configured by RRC. To be specific, the mapping between each codepoint for activation field and the corresponding resource configuration set is configured by RRC. Note that a single codepoint can correspond to a set of resource configurations. An example is shown in Table 1. Each type 2 UL configured grant configurations are configured with a ID by RRC.
Table 1: Mapping between activation/deactivation field in DCI and corresponding configurations
	Codepoint
	Activation/deactivation configurations

	0
	UL configured grant configuration ID=0

	1
	UL configured grant configuration ID=1

	2
	UL configured grant configuration ID=2

	3
	UL configured grant configuration ID=3

	4
	Set of UL configured grant configuration ID={0,1}

	5
	Set of UL configured grant configuration ID={2,3}

	6
	Set of UL configured grant configuration ID={0,1,2,3}

	…
	…



Proposal 3: Support joint activation in a DCI for two or more configured grant Type 2 configurations
· A set of resource configuration (including one or multiple configurations) is indicated by the activation state field in the activation DCI
· The mapping between activation state field and the corresponding configuration is configured by RRC

In Rel-15, DCI format 0_0 or DCI format 0_1 can be used for activation of type 2 UL configured grant. In case of activation by fallback DCI, i.e. DCI format 0_0, single resource configuration is activated due that there may not be new field for activation field. Therefore, fallback DCI may not be applicable in case of multiple resource configuration. If new field is needed for activation in case of multiple configurations, multiple resource configurations activated by joint DCI should be based on non-fallback DCI, e.g. Rel-15 DCI format 0_1 or DCI format for eURLLC. In case of single resource configuration, either fallback DCI or non-fallback DCI can be used for activation of type 2 UL configured grant.
Proposal 4: In case of multiple resource configurations, one or multiple configurations are activated by DCI based on Rel-15 non-fallback DCI or DCI for eURLLC.

If a DCI activating multiple type 2 configured grant configuration can be supported, further discussion is needed on how to indicate the scheduling information, e.g. time/frequency resource or MCS, for different resource configuration.

2.2.2. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Deactivation
Similar to the case of activation for multiple resource configuration, the deactivation DCI needs to indicate which resource configuration is to be deactivated. E.g. a deactivation field is included in DCI by using new field or the existing fields. Note that the deactivation field and the activation field can be common.
In case of multiple resource configurations for different services, separate deactivation DCI can be adopted. In case of multiple resource configuration for enhancing reliability and reducing latency, it is beneficial to support joint deactivation in a DCI for two or more configured grant Type 2 configurations, since the joint deactivation can reduce the latency of activation and the signaling overhead. Therefore, a joint DCI deactivating multiple type 2 resource configurations can be supported. 
The deactivation field in the deactivation DCI can be associated with a set of resource configurations. To be specific, the mapping between each codepoint for deactivation field and the corresponding resource configuration set is configured by RRC. Note that a single codepoint can correspond to a set of resource configurations. An example is shown in Table 1.
Proposal 5: Support joint deactivation in a DCI for two or more configured grant Type 2 configurations
· A set of resource configuration (including one or multiple configurations) is indicated by the deactivation state field in the activation DCI
· The mapping between deactivation state field and the corresponding configuration is configured by RRC
In Rel-15, only DCI format 0_0 can be used for deactivation of type 2 UL configured grant. If new field is needed for deactivation in case of multiple configurations, non-fallback DCI is needed for deactivation of type 2 UL configured grant in case of multiple configurations. In such case, a single DCI based on non-fallback DCI, e.g. Rel-15 DCI format 0_1 or DCI format for eURLLC is used for deactivation of one or multiple resource configurations. For deactivation by fallback DCI, either single resource configuration or all resource configurations deactivated by the DCI can be considered.
Proposal 6: In case of multiple resource configurations, one or multiple configurations are deactivated by DCI based on Rel-15 non-fallback DCI or DCI for eURLLC.

2.3. HARQ process ID determination
In RAN2 #105bis meeting, following agreement was drawn regarding HARQ process ID for multiple UL configured grant configurations.
	When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID



Based on this agreement, the HARQ process IDs for a given UL configured grant configuration can be separated from those for the other configuration, e.g. by using different HARQ process ID offset. 
Another issue is how to determine the HARQ process ID for each resource configuration. In Rel.15 configured grant, number of HARQ processes is configured by RRC and HARQ ID is determined by the timing of transmission occasion. With multiple resource configurations, following options to determine HARQ ID for UL configured grant can be considered.
· Opt. 1: For each configuration, HARQ ID is determined on the timing of the first transmission occasion within a period.
· Opt. 2: HARQ ID determination is dependent on timing of the actual initial transmission
· Opt. 3: HARQ ID is independent on timing and determined by UE. HARQ ID is transmitted via UCI.
For option 1, it is Rel.15 behavior for HARQ ID determination. Since HARQ ID offset is configured for each UL configured grant configuration, different resource configurations may have different HARQ processes pool. If different resource configurations can be distinguishable, HARQ ID of a transmission with a certain resource configuration can be determined by the timing of transmission occasion.
For option 2, HARQ ID is determined based on the actual transmission timing of an initial transmission. Since flexible starting position could be adopted, there will be more flexibility if HARQ ID is determined by initial transmission timing. However, initial transmission should be reliably identified by gNB, using distinguishable information e.g. DMRS or UCI. Since DMRS may be used for differentiation of multiple resource configuration, there could be not sufficient DMRS resources for differentiation of initial transmission. If UCI is supported for configured grant transmission, option 3 has more flexibility than option 2.
For option 3, HARQ ID is no longer dependent on the timing of transmission occasion or actual transmission, that is, HARQ ID is selected by UE. Therefore, HARQ ID determination is flexible such that UE can select any available HARQ process for a UL configured grant transmission unless all of HARQ processes are occupied. In this case, HARQ ID needs to be reported by UE by UCI transmitted with data. Note that in case of UL configured grant for unlicensed spectrum, UCI is supported to be transmitted including HARQ ID for UL configured grant. 
Above all, option 1 has least specification impact and is preferable to be supported. On the other hand, option 3 has most flexibility and is applicable for NR-U or V2X use cases. Therefore, option 3 can also be supported.
Proposal 7: For HARQ process ID determination in case of multiple resource configurations, following options can be adopted
· Opt. 1: For each configuration, HARQ ID is determined on the timing of the first transmission occasion within a period.
· Opt. 3: HARQ ID is independent on timing and determined by UE. HARQ ID is transmitted via UCI.

2.4. Multiple resource configurations for ensuring K repetitions
In Rel.15 configured grant, a UE transmits a TB with repetitions with the resources of a resource configuration. It is simple while the starting position or ending position of repetitions need to be restricted to differentiate initial transmission and repetitions at gNB side. This leads to either large latency or lower reliability for repetitions of a TB. 
For URLLC traffic, both low latency and high reliability need to be satisfied. Therefore, it is important for a UE to start the transmission for a TB at any transmission occasion and ensure K repetitions regardless of the starting transmission occasion. This means flexible starting occasion for a TB should be supported. Based on the framework of multiple resource configuration, following method is proposed to ensure K repetitions regardless of starting timing of transmission occasion.

Multiple resource configurations with different starting offsets
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]With multiple resource configurations, it is possible to differentiate initial transmission and repetitions without sacrificing latency or reliability. More specifically, K repetitions are ensured by using multiple resource configurations, where different resource configurations are configured with different starting offsets, as described in Figure 1. For example, UE starts an initial transmission at the first transmission occasion of a resource configuration and K repetitions are ensured within a period P, where the resource configuration with shortest latency is selected, according to the packet arrival timing. For repetitions with multiple resource configurations, repetitions of a TB are transmitted with a resource configuration. Besides, HARQ ID determination based on Rel.15 configured grant can be reused. 
[image: ]
[bookmark: _Ref525633137][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 1: Example of repetitions with multiple resource configurations 

Proposal 8: For repetitions with multiple resource configurations, 
· Multiple resource configurations with different starting offsets can be configured to enable flexible starting time and ensure K repetitions.

3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on enhancements of UL grant-free transmission to meet the latency and reliability requirements of URLLC. The observations and proposals are summarized below.
Observation 1: gNB can configure common or different RRC parameters for multiple resource configurations depending on the use case.

Proposal 1: Regarding multiple resource configurations, following options can be adopted.
· Option 1: Different DMRS parameters/sequences are configured for different resource configurations 
· Option 2: UCI carrying information of UE selected resource configuration is transmitted with data. 
· UCI including HARQ ID is transmitted together with data.
· NDI is included in grant-free UCI to differentiate initial transmission and repetitions.
· RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.
· UCI is multiplexed onto each repetition.
Proposal 2: The total number of resource configurations including type 1 and type 2 UL configured grant is configured by RRC.
Proposal 3: Support joint activation in a DCI for two or more configured grant Type 2 configurations
· A set of resource configuration (including one or multiple configurations) is indicated by the activation state field in the activation DCI
· The mapping between activation state field and the corresponding configuration is configured by RRC
Proposal 4: In case of multiple resource configurations, one or multiple configurations are activated by DCI based on Rel-15 non-fallback DCI or DCI for eURLLC.
Proposal 5: Support joint deactivation in a DCI for two or more configured grant Type 2 configurations
· A set of resource configuration (including one or multiple configurations) is indicated by the deactivation state field in the activation DCI
· The mapping between deactivation state field and the corresponding configuration is configured by RRC
Proposal 6: In case of multiple resource configurations, one or multiple configurations are deactivated by 
DCI based on Rel-15 non-fallback DCI or DCI for eURLLC.
Proposal 7: For HARQ process ID determination in case of multiple resource configurations, following options can be adopted
· Opt. 1: For each configuration, HARQ ID is determined on the timing of the first transmission occasion within a period.
· Opt. 3: HARQ ID is independent on timing and determined by UE. HARQ ID is transmitted via UCI.
Proposal 8: For repetitions with multiple resource configurations, 
· Multiple resource configurations with different starting offsets can be configured to enable flexible starting time and ensure K repetitions.
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