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1. [bookmark: _Ref521334010]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:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK17][bookmark: OLE_LINK2]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 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Note: V2X use cases are also considered 
At RAN1#98b [2], the following agreements and working assumptions for multiple active configured grant configurations were reached: 
Agreements:
· Support DCI format 0-0, 0-1 and new DCI format scheduling PUSCH for Rel.16 Type 2 CG activation.
Agreements:
· Support DCI format 0-0 for Rel.16 Type 2 CG release.
· As a working assumption, also DCI format 0-1 and the new DCI format
Agreements:
· M (M<=4) least significant bits of HPN field in DCI format 0-0 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
· M (M<=4) least significant bits of HPN field in DCI format 0-1 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated.
· M (M<=4) least significant bits of HPN field in DCI format 0-1 with CRC scrambled by CS-RNTI is used to indicate which configuration(s) is to be released.
· FFS details of M, including M can be the same or different for activation and release DCI.
· FFS for new DCI format. 
· FFS the impacts on the false alarm for activation/release DCI validation.
Agreements:
· At least HPN field in the new UL DCI format is used to indicate which configuration is to be activated and/or which configuration(s) is/are to be released.
· FFS other field(s) whether/if the number of bits for HPN field is smaller than M.
· FFS the impacts on the false alarm for activation/release DCI validation.
Agreements:
· The new UL DCI format with CRC scrambled by CS-RNTI and the new UL DCI format with CRC scrambled by C-RNTI should have the same total DCI size. 
Agreements:
· (Working assumption) 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.
Agreements:
· M is determined by the bit length for HPN field for each DCI format for activation and release of Type 2 CG
Agreements:
· For CG PUSCH, 
· Introduce the RRC signaling per CG configuration to enable/disable the feature of starting from any RV0 occasion for RV cyclic sequences {0,0,0,0} and {0,3,0,3}.
· If disabled, Rel-16 behavior
· If enabled, reuse Rel-15 behavior
This contribution discusses the remaining details of enhanced UL configured grant transmission.
2. Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]2.1 DCI format for activation and release
It was agreed to support DCI format 0_1 and DCI format 0_2 for Rel.16 Type 2 CG release as a working assumption. 
The motivation is to support cross-carrier Type 2 CG release. It was argued that cross-carrier release can be achieved by UL BWP change since configuration of Type 2 CG on the old BWP is cleared in case of BWP change. However, Type 2 CG release via BWP change costs much more price than required since other transmissions in addition to Type 2 CG are impacted. Therefore, it is proposed to confirm the working assumption.
The DCI format(s) supported for SPS activation/release has not been concluded. DCI format 1_2 was agreed to be introduced for DL scheduling for URLLC. For SPS activation, in addition to DCI format 1_0 and 1_1, DCI format 1_2 for DL SPS activation should be supported considering the case e.g. UE monitors DCI format 1_2 but not DCI format 1_1. For SPS release, in addition to DCI format 1_0, DCI format 1_1 and DCI format 1_2 for DL SPS release should be supported for cross-carrier DL SPS release.
Proposal 1: Confirm the RAN1#98b working assumption, to support DCI format 0_1 and 0_2 for NR Rel-16 Type 2 CG release.
Proposal 2: Support DCI format 1_0/1_1/1_2 for NR Rel-16 DL SPS activation and release.
2.2 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 Rel-15 in case:
· multiple configurations are configured where the HARQ process number field is used for configuration index indication;
· DCI format 1_2/0_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 URLLC traffic, we propose that validation of activation DCI should be enhanced in Rel-16. 
For 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. In addition, UL-SCH indicator field in DCI formats 0_1/0_2 can be set to ‘0’ or ‘1’ for both activation and release PDCCH validation.
For 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 3: Use the TPC command for scheduled PUSCH field in DCI format 0_0/0_1/0_2 and the UL-SCH indicator field in DCI format 0_1/0_2 as additional validation of activation or release for Rel-16 Type 2 CG. 
Proposal 4: 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 Rel-16 DL SPS.
2.3 Size alignment of activation/release DCI
According to the agreements, the new UL DCI format (DCI format 0_2) with CRC scrambled by CS-RNTI and the new UL DCI format (DCI format 0_2) with CRC scrambled by C-RNTI should have the same total DCI size. There are two possible solutions.
· Solution 1: bit width of each field in DCI format 0_2 with CRC scrambled by CS-RNTI is the same as the bit width of the same field in DCI format 0_2 with CRC scrambled by C-RNTI
· Solution 2: the bit width of each field in DCI format 0_2 with CRC scrambled by CS-RNTI and C-RNTI is determined by respective RRC configurations and padding is applied to the DCI format scrambled by the RNTI with smaller size
Solution 1 is the same as Rel-15 for DCI format 0_1. For solution 2, in order to differentiate whether a DCI format scrambled by CS-RNTI is activation/release DCI or retransmission scheduling DCI, location of NDI and validation fields in the DCI format should be fixed. In addition, location of HPN field needs to be fixed as well to indicate the configuration index. The benefit of solution 2 over solution 1 is not clear but with much higher complexity and specification efforts so it is proposed to adopt solution 1 as in Rel-15.
Proposal 5: The bit width of each field in DCI format 0_2 with CRC scrambled by CS-RNTI is the same as the corresponding bit width of the same field in DCI format 0_2 with CRC scrambled by C-RNTI. 
It was agreed as a working assumption in RAN1#98b that 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. 
NR Rel-15 follows the same principle with some exceptions: for the PUSCH retransmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, the parameters in pusch-Config are applied for the PUSCH transmission except for p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex, mcs-Table, mcs-TableTransformPrecoder and transformPrecoder.
Keeping these exceptions in NR Rel-16 is meaningful because the above parameters are CG configuration specific and may be different among multiple CG configurations. For example, N CG configurations may have N different parameters p0-PUSCH-Alpha. These N values cannot be provided by the parameters in pusch-Config.
Proposal 6: 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.
2.4 Number of repetitions for type 2 CG retransmission scheduled by DCI format 0_0
Following Rel-15 UE behavior, for type 2 CG retransmission scheduled by DCI format 0_0, the number of repetitions is always 1, i.e. repetition does not apply.
To meet the reliability requirement, the number of repetitions is one of the most important factors in URLLC retransmission. The way of multiple retransmissions with single repetition is contradictory with the motivation of reducing DCI signaling overhead with DCI format 0_0. For type 2 CG retransmission scheduled by DCI format 0_0, the number of repetitions is proposed to be determined by repK in RRC signaling of the corresponding configured grant configuration.
Proposal 7: For type 2 CG retransmission scheduled by DCI format 0_0, the number of repetitions is determined by repK in RRC signaling of the corresponding configured grant configuration.
2.5 Starting position of a TB transmission
In NR Rel-16, an RRC signaling is used to enable or disable the feature of starting from any RV0 occasion for RV cyclic sequences {0,0,0,0} and {0,3,0,3}. If enabled, then Rel-15 behavior is applied. Depending on the discussion on RV determination for Rel-16 PUSCH enhancements, it is possible that a nominal repetition with RV0 is split into two actual repetitions both with RV0 as discussed in our contribution [3]. It is not clear if both actual repetitions with RV0 can be the starting position of the initial transmission of a TB, as shown in Fig.1.


Fig.1: Determination for the starting position of the initial transmission of a TB
PUSCH durations of different repetitions may be quite different due to splitting caused by the slot boundary or DL/UL switching point. Some actual RV0 occasions may be associated with a quite short duration. Allowing starting from an occasion with very short duration due to splitting will degrade the decoding performance because the repetition may not have enough systematic bits for self-decoding. One solution is that initial transmission of a transport block is only allowed to be started from a “nominal” repetition with RV0.
Proposal 8: When the feature of starting from any RV0 occasion is enabled, the initial transmission of a transport block can only start at the “nominal” repetition with RV0.
[bookmark: _GoBack]2.6 Numbers of repetition in type 1 CG and type 2 CG
The PUSCH TDRA table with number of repetitions is configured per DCI format (i.e. for DCI format 0_1 and/or DCI format 0_2). But there is no activation DCI for Type 1 CG, and then the presence of number of repetitions in TDRA table would not impact Type 1 CG. Regardless whether “Rel-15 PUSCH transmission scheme” or “Rel-16 transmission scheme” is configured for Type 1 CG, RRC configured repK is used to determine the number of repetitions.
For Type 2 CG, it could be same as dynamic PUSCH in terms of determination of PUSCH transmission scheme including the number of repetitions. So if Type 2 CG PUSCH is activated by a DCI format configured with a TDRA table with number of repetitions, it applies regardless whether “Rel-15 PUSCH transmission scheme” or “Rel-16 PUSCH transmission scheme” is used.
Proposal 9: RRC configured repK is used for Type 1 CG to determine the number of repetitions.
Proposal 10: Type 2 CG uses the same mechanism as in dynamic PUSCH to determine the number of repetition.
3. Conclusions
In this contribution, we discussed the remaining details of multiple active configured grant configurations for NR Rel-16 URLLC. The proposals are summarized as follows:
Proposal 1: Confirm the RAN1#98b working assumption, to support DCI format 0_1 and 0_2 for NR Rel-16 Type 2 CG release.
Proposal 2: Support DCI format 1_0/1_1/1_2 for NR Rel-16 DL SPS activation and release.
Proposal 3: Use the TPC command for scheduled PUSCH field in DCI format 0_0/0_1/0_2 and the UL-SCH indicator field in DCI format 0_1/0_2 as additional validation of activation or release for Rel-16 Type 2 CG. 
Proposal 4: 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 Rel-16 DL SPS.
Proposal 5: The bit width of each field in DCI format 0_2 with CRC scrambled by CS-RNTI is the same as the corresponding bit width of the same field in DCI format 0_2 with CRC scrambled by C-RNTI. 
Proposal 6: 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.
Proposal 7: For type 2 CG retransmission scheduled by DCI format 0_0, the number of repetitions is determined by repK in RRC signaling of the corresponding configured grant configuration.
Proposal 8: When the feature of starting from any RV0 occasion is enabled, the initial transmission of a transport block can only start at the “nominal” repetition with RV0.
Proposal 9: RRC configured repK is used for Type 1 CG to determine the number of repetitions.
Proposal 10: Type 2 CG uses the same mechanism as in dynamic PUSCH to determine the number of repetition.
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