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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#97 [2], multiple active configured grant configurations for URLLC have been discussed and the following agreements were reached: 
Agreements:
· For the maximum number of UL CG configurations per BWP of a serving cell:
· 12
Agreements:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details
At RAN1#98 [3], the following agreements, conclusions and working assumptions for multiple active configured grant configurations were reached: 
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
Conclusions:
· No support of joint activation in a DCI for two or more configured grant Type 2 configurations in Rel-16
Working assumptions:
· For activation and release of UL CG, same field(s) is/are used for a DCI format
At RAN1#98 [3], the following agreements for PDCCH enhancements for URLLC were reached: 
Agreements:
· Introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields in Rel-16.
Agreements:
· Support separate configurable number of bits (2 or 3 or 4 bits) for “HARQ process number” for new DCI formats for scheduling DL and UL
· FFS 0 or 1 bits
This contribution discusses the remaining details of enhanced configured grant transmission.
2. Discussion
2.1 Activation of multiple configured grant Type 2 configurations
In NR Rel-15, both DCI format 0_0 and 0_1 could be used for Type 2 configured grant activation. They can be considered for activation of multiple configured grant Type 2 configurations in Rel-16. In addition, it was agreed to introduce a new DCI format for UL scheduling for URLLC in Rel-16. In some cases, for example only new URLLC DCI format is configured while DCI format 0_1 is not configured, new URLLC DCI format should also be considered for activation of multiple configured grant Type 2 configurations.
For Type 2 CG PUSCH activated by DCI format 0_0, DM-RS port 0 is assumed as defined below in Rel-15 since there is no DCI field to indicate DM-RS port in DCI format 0_0.
	When transmitted PUSCH is scheduled by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE shall use single symbol front-loaded DM-RS of configuration type provided by higher layer parameter dmrs-Type in configuredGrantConfig on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, and additional DM-RS with dmrs-AdditionalPosition  from configuredGrantConfig can be transmitted according to the scheduling type and the PUSCH duration as specified  in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled.


When DCI format 0_0 is used for Type 2 configured grant activation, multiple configured grant Type 2 configurations would assume the same DM-RS port so that different configurations should occupy orthogonal time-frequency resources. To address the above limitations, some companies proposed to configure the DM-RS port for each configuration. However, this solution would affect the scheduling flexibility of DMRS resources, and the issue of DMRS resource shortage, as mentioned in our earlier contribution [4], would limit its feasibility. Furthermore, it would cause additional RRC signaling overhead. 
For new DCI format, it has not been decided whether Antenna ports would be present. In case it is not present, the same handling of DCI format 0_0 should applies, i.e. DM-RS port 0 is used. Otherwise it is present, DM-RS port is dynamically indicated as DCI format 0_1.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: in addition to DCI format 0_0 and DCI format 0_1, new DCI format could be used for activation of multiple configured grant Type 2 configurations.
Proposal 2: for activation of multiple configured grant Type 2 configurations, DM-RS port 0 is used for Type 2 CG PUSCH activated by DCI format 0_0 and new DCI format if field of antenna port is not present in the new DCI format
It was concluded that joint activation in a DCI for two or more configured grant Type 2 configurations is not supported in Rel-16, i.e. only separate activation is supported. If more than one UL CG configuration is configured, in order to activate one of the configured grant Type 2 configurations, DCI needs to indicate which configuration is activated. So the activation DCI needs to indicate the index of configuration which is to be activated. 
It was agreed that the maximum number of UL CG configurations per BWP of a serving cell is 12, so the bit width of the field for configuration index indication should be , where N is the number of UL CG configurations of a BWP of a serving cell. We propose to reuse the  least significant bits (LSB) of HARQ process number field in DCI format 0_0 and DCI format 0_1 to indicate the configuration index. For new DCI format, it was agreed that HARQ process number field is configurable which can be less than 4 bits. In order to have sufficient number of bits for configuration index indication in new DCI format, there are two possible solutions. 
1) The number of bits for HARQ process number field is configured to be no less than  bits
2) Additional DCI field(s) is/are used in addition to HARQ process number field to indicate the configuration index
Since most of the fields in new DCI format are with configurable size, different numbers of fields are needed to constitute  bits. For simplicity, solution 1 is preferred. Alternatively, gNB can use other DCI format(s) for activation.
Proposal 3: when more than one UL CG configuration is configured, in activation DCI, the  least significant bits of HARQ process number field are reused for configuration index indication, where N is the configured number of UL CG configurations.
In NR Rel-15, two fields with total 6 bits in DCI format 0_0 and 0_1 are used, as show in Table 1, to validate the activation DCI.
Table 1: Special fields for UL grant Type 2 scheduling activation PDCCH validation
	
	DCI format 0_0/0_1 

	HARQ process number
	set to all '0's

	Redundancy version
	set to '00'


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). According to proposal 3, in the worst case, 4 bits of HARQ process number field are all used for configuration index indication, the average time between false alarm reduced 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 case HARQ process number field is used to indicate configuration index.
Proposal 4: validation of activation DCI is enhanced in case HARQ process number field is used to indicate configuration index.
In the activation DCI 0_1, the following scheduling information should be indicated for all configured grant PUSCHs: Identifier for DCI formats field, Carrier indicator field, UL/SUL indicator field, Bandwidth part indicator field, Frequency domain resource assignment field, Time domain resource assignment field, Frequency hopping flag field, Modulation and coding scheme field, SRS resource indicator field, Precoding information and number of layers field, Antenna ports field, CSI request field, DMRS sequence initialization field, etc. All of these fields cannot be used for validation. For other activation DCI formats, part of the above scheduling information may be provided by the RRC signaling or by default. 
For validation purpose, we consider:
· DCI format 0_0
part or all of the fields including redundancy version field (2 bits), TPC command for scheduled PUSCH (2 bits) field, UL/SCL indicator (1 bit) field, the  most significant bits (MSB) of HARQ process number field and padding if any in DCI format 0_0 as the validation fields; 
· DCI format 0_1
part or all of the fields including redundancy version field (2 bits), SRS request (2 LSB bits) field, TPC command for scheduled PUSCH (2 bits) field, UL-SCH indicator (1 bit) field, 1st downlink assignment index (1 LSB bit) field, the  most significant bits (MSB) of HARQ process number field, other configurable fields not used for indicating scheduling information for all configured grant PUSCHs such as beta_offset indicator field and padding if any in DCI format 0_1 as the validation fields; 
· new URLLC DCI format
part or all of the fields except the scheduling information fields indicated for all configured grant PUSCHs and padding if any as the validation fields. 
It is desirable to have a unified solution for DCI format 0_0, DCI format 0_1 and new URLLC DCI format. We propose to reuse all fields other than the fields to indicate scheduling information for all configured grant PUSCHs, including the fields with configurable size or fixed size, as the validation fields.
Proposal 5: when more than one UL CG configuration is configured, all field(s) in activation DCI other than the field(s) to indicate scheduling information for all configured grant PUSCHs are used for validation. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]2.2 Release of multiple configured grant Type 2 configurations
In NR Rel-15, only DCI format 0_0 based Type 2 configured grant release is supported, i.e. DCI format 0_1 cannot be used for Type 2 configured grant release. Furthermore, four fields in DCI format 0_0 are set to predefined values, as show in Table 2, to validate Type 2 configured grant release.
Table 2: Special fields for UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0 

	HARQ process number
	set to all '0's

	Redundancy version
	set to '00'

	Modulation and coding scheme
	set to all '1's

	Frequency domain resource assignment
	set to all '1's


For release of multiple configured grant Type 2 configurations, since it is expected that UE will always monitor DCI format 0_0, it is proposed to use DCI format 0_0 only for Type 2 configured grant release in NR Rel-16 without introducing other DCI format for release. 
Proposal 6: only DCI format 0_0 is used for release of multiple configured grant Type 2 configurations.
It was agreed to support both separate release and joint release, and gNB would indicate which configuration or configurations to be released in the release DCI signaling. For activation and release of UL CG, same field(s) is/are used for a DCI format. So, the  least significant bits of HARQ process number field in DCI format 0_0 would be used to indicate the state index where each of the state can be mapped to a single or multiple CG configurations to be released, or the configuration index to be released when there is no higher layer configured state. 
Proposal 7: when more than one UL CG configuration is configured, in release DCI, the  least significant bits of HARQ process number field in DCI format 0_0 are reused for the state index indication or the configuration index indication, where the configured number of state(s) or configurations is less than .
For release, there are enough validation bits to ensure a low false alarm rate. We propose to keep the same validation fields as in NR Rel-15 except the  least significant bits (LSB) of HARQ process number field, i.e. only 4-M MSB of HARQ process number field is used for validation. 
Proposal 8: in release DCI, the redundancy version field, the Modulation and coding scheme field, the Frequency domain resource assignment field, and the  most significant bits of HARQ process number field in DCI format 0_0 are used for validation, where   bits are used for state index indication or configuration index indication.
3. Conclusions
In this contribution, we discussed details of multiple active configured grant configurations for Rel-16 URLLC. The proposals and observations are summarized as follows:
Proposal 1: in addition to DCI format 0_0 and DCI format 0_1, new DCI format could be used for activation of multiple configured grant Type 2 configurations.
Proposal 2: for activation of multiple configured grant Type 2 configurations, DM-RS port 0 is used for Type 2 CG PUSCH activated by DCI format 0_0 and new DCI format if field of antenna port is not present in the new DCI format
Proposal 3: when more than one UL CG configuration is configured, in activation DCI, the  least significant bits of HARQ process number field are reused for configuration index indication, where N is the configured number of UL CG configurations.
Proposal 4: validation of activation DCI is enhanced in case HARQ process number field is used to indicate configuration index.
Proposal 5: when more than one UL CG configuration is configured, all field(s) in activation DCI other than the field(s) to indicate scheduling information for all configured grant PUSCHs are used for validation. 
Proposal 6: only DCI format 0_0 is used for release of multiple configured grant Type 2 configurations.
Proposal 7: when more than one UL CG configuration is configured, in release DCI, the  least significant bits of HARQ process number field in DCI format 0_0 are reused for the state index indication or the configuration index indication, where the configured number of state(s) or configurations is less than .
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