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1. 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:

· 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 
At RAN1#99 [2], the following agreements for multiple active configured grant configurations were reached: 
Agreements:

To align the bit width of each field of DCI format 0_2 with CS-RNTI with NDI=0 to C-RNTI:

· use Rel.15 rule with additional exceptions for the DCI format 0_2, a UE does not expect that the bit width of a field in DCI format 0_2 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_2 with CRC scrambled by C-RNTI for the same serving cell. 

· FFS additional exceptions at least for the parameters not introduced for CG Type 2 (example: ResourceAllocationType1-granularity-ForDCIFormat0_2)  

· No additional RRC impact is expected

Agreements: 

confirm the RAN1#98b working assumption with exceptions as in Rel-15.

· Retransmission of the PUSCH scheduled by a new UL DCI format with CRC scrambled by CS-RNTI with NDI=1 shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with the new UL DCI format except for p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex, [mcs-Table], [mcs-TableTransformPrecoder] and [transformPrecoder].

Agreements:

For both DG and CG with PUSCH repetition type B, the TBS is determined based on L indicated in TDRA table entry reusing Rel-15 mechanism.

Agreement:
For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.

· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.

· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.

· FFS the handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported)

Agreements:

For CG PUSCH with PUSCH repetition type B, RV cycling is done across repetition following the sequence in repK-RV,

· the first repetition uses the first value in repK-RV

·  “repetition” means actual repetition

This contribution discusses the remaining details of enhanced UL configured grant transmission.
2. Discussion
2.1 Validation of activation/release DCI
In NR Rel-15, HARQ Process Number (HPN) and Redundancy Version (RV) fields are used to validate the activation DCI as show in Table 1.
Table 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'


In NR Rel-16, the number of validation bits is less compared to NR Rel-15 in case:
· multiple configurations are configured where the HARQ process number field is used for configuration index indication;
· DCI format 0_2/1_2 is used for activation with configurable number of HARQ process number field less than 4 bits and/or configurable number of Redundancy version field less than 2.
With 24 bits CRC and 6 bits for validation, the false alarm rate is 1/(2^(21+6)). Assuming 30kHz SCS configuration with 36 blind decodes per slot and one monitoring occasion per slot, in case DRX is not used, the average time between false alarm is 2^(21+6) / (2000*36)≈1864s (31min). Assuming only 2 bits are used for validation, the average time between false alarm reduces to 2^(21+2) / (2000*36) ≈ 116 s (<2 min). To ensure that the average time between false alarms is sufficiently long to guarantee the reliability of activation PDCCH, we propose that validation of activation DCI should be enhanced in NR Rel-16. 
For NR Rel-16 Type 2 CG activation/release, it is proposed that the TPC command for scheduled PUSCH field in DCI formats 0_0/0_1/0_2 is set to ‘00’ for both activation and release PDCCH validation. 
For NR Rel-16 DL SPS activation/release, it is proposed that the TPC command for scheduled PUCCH field in DCI formats 1_0/1_1/1_2 is set to ‘00’ for both activation and release PDCCH validation.
Proposal 1: Use the TPC command for scheduled PUSCH field in DCI format 0_0/0_1/0_2 as additional validation of activation or release for NR Rel-16 Type 2 CG. 
Proposal 2: Use the TPC command for scheduled PUCCH field in DCI format 1_0/1_1/1_2 as additional validation of activation or release for NR Rel-16 DL SPS.
A text proposal is provided below in TS 38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
10.2
PDCCH validation for DL SPS and UL grant Type 2
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or configured UL grant Type 2 PDCCH if

-
the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
-
the new data indicator field in the DCI format for the enabled transport block is set to '0'. 
If a UE is provided a single configuration for UL grant Type 2 PUSCH or for SPS PDSCH, validation of the DCI format is achieved if all fields for the DCI format are set according to Table 10.2-1 or Table 10.2-2. 
If a UE is provided more than one configurations for UL grant Type 2 PUSCH or for SPS PDSCH, a value of the HARQ process number field in a DCI format indicates an activation for a corresponding UL grant Type 2 PUSCH or for a SPS PDSCH configuration with a same value as provided by Configuredgrantconfig-index or by SPSconfig-index, respectively. Validation of the DCI format is achieved if the RV field for the DCI format is set as in Table 10.2-3. 
If a UE is provided more than one configurations for UL grant Type 2 PUSCH or for SPS PDSCH 

-
if the UE is provided Type2Configuredgrantconfig-ReleaseStateList or SPS-ReleaseStateList, a value of the HARQ process number field in a DCI format indicates a corresponding entry for scheduling release of one or more UL grant Type 2 PUSCH or SPS PDSCH configurations

-
if the UE is not provided Type2Configuredgrantconfig-ReleaseStateList or SPS-ReleaseStateList, a value of the HARQ process number field in a DCI format indicates a release for a corresponding UL grant Type 2 PUSCH or for a SPS PDSCH configuration with a same value as provided by Configuredgrantconfig-index or by SPSconfig-index, respectively
Validation of the DCI format is achieved if all fields for the DCI format are set according to Table 10.2-4. 
If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of DL SPS or configured UL grant Type 2. If validation is not achieved, the UE discards all the information in the DCI format.
Table 10.2-1: Special fields for single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_2
	DCI format 1_1

	HARQ process number
	set to all '0's/0_2
	set to all '0's
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's
	For the enabled transport block: set to all '0's


Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	HARQ process number
	set to all '0's/0_1/0_2
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's

	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 '0's for FDRA Type 0 set to all '1's for FDRA Type 1


Table 10.2-3: Special fields for a single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations 
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_2
	DCI format 1_1

	Redundancy version
	set to all '0's
	set to all '0's
	For the enabled transport block: set to all '0's

	TPC command for scheduled PUSCH
	set to all '0's
	-
	-

	TPC command for scheduled PUCCH
	-
	set to all '0's
	set to all '0's


Table 10.2-4: Special fields for multiple DL SPS and UL grant Type 2 scheduling release PDCCH validation

	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	Redundancy version
	set to all '0's
	set to all '0's

	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 '0's for FDRA Type 0 
set to all '1's for FDRA Type 1

	TPC command for scheduled PUSCH
	set to all '0's
	-

	TPC command for scheduled PUCCH
	-
	set to all '0's
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 corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH providing the SPS PDSCH release and the SCS configuration of a PUCCH carrying the HARQ-ACK information in response to a SPS PDSCH release.

----------------------------------------------------- End of text proposal ------------------------------------------------------
2.2 RRC parameters related to UL configured grant transmission
In NR Rel-15, a UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. For the PUSCH transmission corresponding to a configured grant, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, which are provided by pusch-Config.
In this section, we analyze the additional exception for the PUSCH transmission corresponding to a configured grant. The new RRC parameters introduced in Rel-16 URLLC associated with CG PUSCH transmission are listed and analyzed below assuming invalid symbol pattern applies to CG PUSCH and frequency hopping scheme for type 2 CG PUSCH follows activation DCI [3]. The exceptions are highlighted in yellow.
Table 2: RRC parameters related to UL configured grant transmission

	Parameter
	Grant-based PUSCH
	Type 1 Configured-grant PUSCH
	Type 2 Configured-grant PUSCH

	ResourceAllocationType1-granularity-ForDCIFormat0_2
	Specified in PUSCH-Config
	Not needed.
	Not defined but needed for Type 2 CG activated by DCI 0_2, borrow from PUSCH-Config. 

	frequencyHopping-ForDCIFormat0_2
	Specified in PUSCH-Config
	frequencyHopping in ConfiguredGrantConfig and frequencyHopping-PUSCHRepTypeB in rrc-ConfiguredUplinkGrant
	If PUSCH repetition type A is configured for DCI format 0_2, frequencyHopping in ConfiguredGrantConfig;
If PUSCH repetition type B is configured for DCI format 0_2, not defined but needed for Type 2 CG activated by DCI 0_2, borrow from PUSCH-Config

	frequencyHopping-ForDCIFormat0_1
	Specified in PUSCH-Config
	frequencyHopping in ConfiguredGrantConfig and frequencyHopping-PUSCHRepTypeB in rrc-ConfiguredUplinkGrant
	If PUSCH repetition type A is configured for DCI format 0_1, frequencyHopping in ConfiguredGrantConfig;
If PUSCH repetition type B is configured for DCI format 0_1, not defined but needed for Type 2 CG activated by DCI 0_1, borrow from PUSCH-Config

	frequencyHoppingOffsetLists-ForDCIFormat0_2
	Specified in PUSCH-Config and DCI indicates
	frequencyHoppingOffset in rrc-ConfiguredUplinkGrant
	Specified in PUSCH-Config and DCI indicates

	UCI-OnPUSCH-List
	Specified in PUSCH-Config
	uci-OnPUSCH in ConfiguredGrantConfig
	uci-OnPUSCH in ConfiguredGrantConfig

	PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2
	Specified in PUSCH-Config and DCI indicates
	Specified in PUSCH-Config and it is used according to 6.1.2.3 in 38.214.
	Specified in PUSCH-Config and DCI indicates

	PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1
	Specified in PUSCH-Config and DCI indicates
	Specified in PUSCH-Config and it is used according to 6.1.2.3 in 38.214.
	Specified in PUSCH-Config and DCI indicates

	PUSCHRepTypeIndicator-ForDCIFormat0_2
	Specified in PUSCH-Config
	pusch-RepTypeIndicatorForType1ConfiguredGrant-r16 in rrc-ConfiguredUplinkGrant
	Not defined but needed for Type 2 CG activated by DCI 0_2, borrow from PUSCH-Config

	PUSCHRepTypeIndicator-ForDCIFormat0_1
	Specified in PUSCH-Config
	pusch-RepTypeIndicatorForType1ConfiguredGrant-r16 in rrc-ConfiguredUplinkGrant
	Not defined but needed for Type 2 CG activated by DCI 0_1, borrow from PUSCH-Config

	maxRank-ForDCIFormat0_2 
	Specified in PUSCH-Config
	Not defined, borrow maxRank from PUSCH-Config
	Not defined but needed for Type 2 CG activated by DCI 0_2, borrow from PUSCH-Config

	codebookSubset-ForDCIFormat0_2
	Specified in PUSCH-Config
	Not defined, borrow codebookSubset from PUSCH-Config
	Not defined but needed for Type 2 CG activated by DCI 0_2, borrow from PUSCH-Config

	mcs-Table-ForDCIFormat0_2
	Specified in PUSCH-Config
	mcs-Table in ConfiguredGrantConfig
	mcs-Table in ConfiguredGrantConfig

	mcs-TableTransformPrecoder-ForDCIFormat0_2
	Specified in PUSCH-Config
	mcs-TableTransformPrecoder in ConfiguredGrantConfig
	mcs-TableTransformPrecoder in ConfiguredGrantConfig

	resourceAllocation-ForDCIFormat0_2
	Specified in PUSCH-Config
	resourceAllocation in ConfiguredGrantConfig
	resourceAllocation in ConfiguredGrantConfig

	InvalidSymbolPattern 
	Specified in PUSCH-Config
	Not defined, borrow from PUSCH-Config
	Not defined, borrow from PUSCH-Config

	Configuredgrantconfig-index
	Not defined and not needed
	Specified in ConfiguredGrantConfig
	Specified in ConfiguredGrantConfig

	Configuredgrantconfig-StartingfromRV0
	Not defined  and not needed
	Specified in ConfiguredGrantConfig
	Specified in ConfiguredGrantConfig


Based on the above analysis, we can get the following proposals:
Proposal 3: For the PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant activated by DCI format 0_0, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH and InvalidSymbolPattern, which are provided in pusch-Config.
Proposal 4: For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_1, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, InvalidSymbolPattern, PUSCHRepTypeIndicator-ForDCIFormat0_1, frequencyHopping-ForDCIFormat0_1 if PUSCH repetition type B is configured for DCI format 0_1, provided in pusch-Config.
Proposal 5: For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_2, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset-ForDCIFormat0_2, maxRank-ForDCIFormat0_2, scaling of UCI-OnPUSCH, InvalidSymbolPattern, ResourceAllocationType1-granularity-ForDCIFormat0_2, PUSCHRepTypeIndicator-ForDCIFormat0_2, frequencyHopping-ForDCIFormat0_2 if PUSCH repetition type B is configured for DCI format 0_2, provided in pusch-Config.
A text proposal is provided below in TS 38.214.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
6.1
UE procedure for transmitting the physical uplink shared channel

<unchanged text omitted>
For the PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant activated by DCI format 0_0, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, InvalidSymbolPattern, which are provided by pusch-Config. For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_1, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, InvalidSymbolPattern, PUSCHRepTypeIndicator-ForDCIFormat0_1, frequencyHopping-ForDCIFormat0_1 if PUSCH repetition type B is configured for DCI format 0_1, provided by pusch-Config. For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_2, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset-ForDCIFormat0_2, maxRank-ForDCIFormat0_2, scaling of UCI-OnPUSCH, InvalidSymbolPattern, ResourceAllocationType1-granularity-ForDCIFormat0_2, PUSCHRepTypeIndicator-ForDCIFormat0_2, frequencyHopping-ForDCIFormat0_2 if PUSCH repetition type B is configured for DCI format 0_2, provided by pusch-Config. If the UE is provided with transformPrecoder in configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPSK, if provided in pusch-Config, according to the procedure described in Clause 6.1.4 for the PUSCH transmission corresponding to a configured grant. 

<unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------
3. Conclusions
In this contribution, we discussed the remaining details of multiple active configured grant configurations for NR Rel-16 URLLC. The proposed TP as follows:
Proposal 1: Use the TPC command for scheduled PUSCH field in DCI format 0_0/0_1/0_2 as additional validation of activation or release for NR Rel-16 Type 2 CG. 

Proposal 2: Use the TPC command for scheduled PUCCH field in DCI format 1_0/1_1/1_2 as additional validation of activation or release for NR Rel-16 DL SPS.
Proposal 3: For the PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant activated by DCI format 0_0, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH and InvalidSymbolPattern, which are provided in pusch-Config.
Proposal 4: For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_1, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, InvalidSymbolPattern, PUSCHRepTypeIndicator-ForDCIFormat0_1, frequencyHopping-ForDCIFormat0_1 if PUSCH repetition type B is configured for DCI format 0_1, provided in pusch-Config.
Proposal 5: For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_2, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset-ForDCIFormat0_2, maxRank-ForDCIFormat0_2, scaling of UCI-OnPUSCH, InvalidSymbolPattern, ResourceAllocationType1-granularity-ForDCIFormat0_2, PUSCHRepTypeIndicator-ForDCIFormat0_2, frequencyHopping-ForDCIFormat0_2 if PUSCH repetition type B is configured for DCI format 0_2, provided in pusch-Config.
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