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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #98 meeting, following agreements were made on enhanced UL configured grant for URLLC [1]. In this contribution, we discuss the activation/deactivation of multiple resource configuration, configuration method, and construction of repetitions aiming at ensuring K repetitions.
	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




2. [bookmark: OLE_LINK6]Discussion 
2.1. DCI format for activation/deactivation for multiple resource configurations
When multiple type 2 UL CG configurations are configured, how to indicate which CG configuration(s) is/are released in the release DCI should be decided.
In Rel-15, DCI format 0_0 or DCI format 0_1 can be used for activation of type 2 UL configured grant, while DCI format 0_0 is used for deactivation of type 2 UL configured grant. Following tables are specified in 38.213 for activation/deactivation of UL type 2 CG/DL SPS [2].
Table 10.2-1: Special fields for DL SPS and UL grant Type 2 scheduling activation PDCCH validation
	
	DCI format 0_0/0_1 
	DCI format 1_0
	DCI format 1_1

	HARQ process number
	set to all '0's
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'
	For the enabled transport block: set to '00'


 
Table 10.2-2: Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0 
	DCI format 1_0

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '1's
	set to all '1's



Based on the Rel.15 framework for release DCI, one possible method is to use one or multiple existing fields for indicating configuration state in the fallback DCI that are not used for validation of release PDCCH. 
Regarding activation by fallback DCI, the same field(s) for fallback DCI is used for the case of activation and release for multiple resource configurations. 
Following tables provide some analysis for the DCI format 0_0 and 1_0 for release of multiple resource configurations case. It can be seen that the existing fields in fallback DCI may not be applicable to indicate activated configuration or released configuration(s).
Table 1: Potential fields in DCI format 0_0 for release of UL CG configuration(s)
	Rel-15 DCI format 0_0
	Comment

	Identifier for DCI formats
	/

	Frequency domain resource assignment
	Used for validation

	Time domain resource assignment
	Not applicable for indicating released configuration(s).
TDRA is used for SPS PDSCH release 

	Frequency hopping flag
	Potentially can be used for indicating released configuration(s)

	Modulation and coding scheme 
	Used for validation

	New data indicator
	Not applicable for indicating released configuration(s).
NDI is used for indicating a DCI for activation or a DCI for retransmission

	Redundancy version
	Used for validation

	HARQ process number 
	Used for validation

	TPC command for PUSCH 
	Potentially can be used for indicating released configuration(s)

	UL/SUL indicator
	Not used for indicating released configuration(s).




Table 2: Potential fields in DCI format 0_1 for release of DL SPS configuration(s)
	Rel-15 DCI format 1_0 
	Comment

	Identifier for DCI formats
	/

	Frequency domain resource assignment
	Used for validation

	Time domain resource assignment
	Not applicable for indicating released configuration(s).
TDRA is used for SPS PDSCH release HARQ-ACK

	VRB-to-PRB mapping
	Potentially can be used for indicating released configuration(s)

	Modulation and coding scheme 
	Used for validation

	New data indicator
	Not applicable for indicating released configuration(s).
NDI is used for indicating a DCI for activation or a DCI for retransmission

	Redundancy version
	Used for validation

	HARQ process number 
	Used for validation

	Downlink Assignment Index
	Potentially can be used for indicating released configuration(s)

	TPC command for PUCCH 
	Not applicable for indicating released configuration(s).
TPC command for PUCCH is used for SPS PDSCH release HARQ-ACK

	PUCCH resource indicator
	Not applicable for indicating released configuration(s).
PUCCH resource indicator for PUCCH is used for SPS PDSCH release HARQ-ACK

	PDSCH-to-HARQ feedback timing indicator
	Not applicable for indicating released configuration(s).
PDSCH-to-HARQ feedback timing indicator for PUCCH is used for SPS PDSCH release HARQ-ACK



Note that up to 4 bits are needed in the release DCI for indicating configurations. If there is no enough space for existing fields in fallback DCI to indicate UL CG released configuration following alternatives are considered.
· Alt. 1: Non-fallback DCI can be used for release of SPS/CG in case of multiple resource configurations
· Alt. 2: Introduce new field for indicating UL CG released configuration in fallback DCI for release of SPS/CG.
[bookmark: _GoBack]In case of activation by fallback DCI, i.e. DCI format 0_0, single resource configuration is activated/deactivated 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/deactivation in case of multiple configurations, multiple resource configurations activated by 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/deactivation of type 2 UL configured grant.
[bookmark: _Ref20932602]Proposal 1: In case of multiple resource configurations, following alternatives for indicating activated/released CG/SPS configuration are considered.
· Alt. 1: Non-fallback DCI can be used for release of SPS/CG in case of multiple resource configurations
· Alt. 2: Introduce new field for indicating UL CG released configuration in fallback DCI for release of SPS/CG.

2.2. 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][bookmark: _Ref21020100]Observation 1: gNB can configure common or different RRC parameters for multiple resource configurations depending on the use case.


2.3. Differentiation of multiple resource configurations
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. 
[bookmark: _Ref20932611]Proposal 2: 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.

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.
[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 

[bookmark: _Ref20932695]Proposal 3: 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: In case of multiple resource configurations, following alternatives for indicating activated/released CG/SPS configuration are considered.
· Alt. 1: Non-fallback DCI can be used for release of SPS/CG in case of multiple resource configurations
· Alt. 2: Introduce new field for indicating UL CG released configuration in fallback DCI for release of SPS/CG.
Proposal 2: 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 3: 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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