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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#100 [2], the following agreements for PDCCH were reached: 
Agreements:

· Introduce independent RRC parameters AntennaPorts-FieldPresence-ForDCIFormat0_2 for DCI format 0_2 and AntennaPorts-FieldPresence-ForDCIFormat1_2 for DCI format 1_2.

At RAN1#98b [3], the following agreements for multiple active configured grant configurations were reached: 
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

At RAN1#99 [4], the following agreements for multiple active configured grant configurations were reached:
Agreement

· 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

At RAN1#100 [2], the following agreements for PUSCH were reached: 
Agreements:

· For numberofrepetitions for PUSCH repetition type A and type B, {3, 8} are additionally supported. That is, {1, 2, 3, 4, 7, 8, 12, 16} are supported for numberofrepetitions. (RRC impact)

This contribution discusses the remaining details of enhanced UL configured grant transmission.
2. Discussion
2.1 DMRS determination
In NR Rel-15, when Type 2 configured grant PUSCH transmission is activated by DCI format 0_0, DMRS determination procedure is as following. DMRS port is assumed to be 0. Single symbol front-loaded DMRS is assumed. The number of DMRS CMD groups without data is determined based on PUSCH duration, transform precoding and dmrs-Type. Other higher layer parameters from configuredGrantConfig including transform precoder, dmrs-Type, dmrs-AdditionalPosition and one or two scrambling identity(s) are also used to determine DMRS. 
In NR Rel-15, when Type 2 configured grant PUSCH transmission is activated by DCI format 0_1, DMRS determination procedure is as following. Antenna port field in DCI provides DMRS port, the number of DMRS CDM groups without data and the number of front-loaded DMRS symbols, while antenna port field value is determined by the higher layer parameters including transform precoder, dmrs-Type and maxLength from configuredGrantConfig, and the higher layer parameters txConfig and maxRank from pusch-Config. Other higher layer parameters from configuredGrantConfig including dmrs-AdditionalPosition and one or two scrambling identity(s) are also used to determine DMRS.
For the case when AntennaPorts-FieldPresence-ForDCIFormat0_2 is configured for DCI format 0_2 with CRC scrambled by C-RNTI and Type 2 configured grant PUSCH transmission is activated by DCI format 0_2, the rules defined in Rel-15 for DMRS determination for Type 2 configured grant when activated by DCI format 0_1 can be reused.
For the case when AntennaPorts-FieldPresence-ForDCIFormat0_2 isn’t configured for DCI format 0_2 with CRC scrambled by C-RNTI and Type 2 configured grant PUSCH transmission is activated by DCI format 0_2, there are two options for DMRS determination:

· Opt 1: the rules defined in Rel-15 for DMRS determination for Type 2 configured grant PUSCH transmission when activated by DCI format 0_0 is reused;
· Opt 2: assume Antenna port field value 0 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 of 38.212 and reuse the rules defined in Rel-15 for DMRS determination for Type 2 configured grant PUSCH transmission when activated by DCI format 0_1.
Option 1 is a straightforward solution while option 2 can allow the flexibility of DMRS. For example, option 1 only allow single DMRS port, while option 2 could further allow more DMRS ports under configurations of transform precoder, dmrs-Type, maxLength and rank. Then option 2 is preferred. 
Proposal 1: For the case when AntennaPorts-FieldPresence-ForDCIFormat0_2 isn’t configured for DCI format 0_2 with CRC scrambled by C-RNTI and Type 2 configured grant PUSCH transmission is activated by DCI format 0_2, Antenna port field value 0 shall be assumed and the rules defined in Rel-15 for DMRS determination for Type 2 configured grant PUSCH transmission when activated by DCI format 0_1 shall be reused.
A text proposal for TS 38.214 is provided below.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
6.2.2
UE DM-RS transmission procedure

The DM-RS transmission procedures for PUSCH scheduled by PDCCH with DCI format 0_1 described in this section equally apply to PUSCH scheduled by PDCCH with DCI format 0_2, by applying the parameters of dmrs-UplinkForPUSCH-MappingTypeA-ForDCI-Format0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCI-Format0_2instead of dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB.
<unchanged text omitted>
When transmitted PUSCH is scheduled by DCI format 0_1with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, or corresponding to a configured grant, or being a PUSCH for Type-2 random access procedure,

-
the UE may be configured with higher layer parameter dmrs-Type in DMRS-UplinkConfig, and the configured DM-RS configuration type is used for transmitting PUSCH in as defined in Clause 6.4.1.1 of [4, TS 38.211]. For MsgA PUSCH transmissions, dmrs-Type is type 1.

-
the UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher layer parameter maxLength in DMRS-UplinkConfig, or by higher layer parameter msgA-MaxLength in msgA-DMRS-Configuration,.

-
if maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0', 'pos1', 'pos2', 'pos3'. 

-
if MsgA-maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH for Type-2 random access procedure by higher layer parameter by msgA-DMRS-Configuration,  which can be 'pos0', 'pos1', 'pos2', 'pos3'. 

-
if maxLength or MsgAmaxLength is configured, either single-symbol DM-RS or double symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0' or 'pos1'. For PUSCH for Type-2 random access procedure the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter msgA-dmrs-AdditionalPosition, which can be 'pos0', 'pos1', 'pos2', 'pos3'.
-
and, the UE shall transmit a number of additional DM-RS as specified in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 in -Clause 6.4.1.1.3 of [4, TS 38.211].

If a UE transmitting PUSCH is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE may assume that the following configurations are not occurring simultaneously for the transmitted PUSCH

-
any DM-RS ports among 4-7 or 6-11 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and PT-RS is transmitted from the UE.

For PUSCH scheduled by DCI format 0_1, by activation DCI format 0_1 with CRC scrambled by CS-RNTI, , or configured by configured grant Type 1 configuration, the UE shall assume the DM-RS CDM groups indicated in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 of Clause 7.3.1.1 of [5, TS38.212] are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) correspond to CDM group 0, {0,1}, {0,1,2}, respectively. 
A UE may be scheduled with a number of DM-RS ports by the antenna port index in DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI as described in Clause 7.3.1.1 of [5, TS 38.212].
<unchanged text omitted>
----------------------------------------------------- End of text proposal ------------------------------------------------------
2.2 Starting position determination
In NR Rel-15, for configured grant PUSCH transmission, the initial transmission of a transport block (TB) may start at 

· the first transmission occasion (TO) of the K repetitions if the configured RV sequence is {0,2,3,1},

· any of the TOs of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},

· any of the TOs of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last TO when K=8.
For the case when the configured RV sequence is {0,0,0,0} and K=8, the detection-decoding performance of configured grant PUSCH transmission could be increased from 1 repetition to K=8 repetitions at the expense of one slot latency. 
In the current NR Rel-16 specifications, for repetition Type B, the repetition factor K could take larger values such as 12 and 16. The NR Rel-15 mechanisms of starting position determination were reused directly to the case when K≥8. The initial transmission of a TB may start at 

· the first TO of the actual repetitions if the configured RV sequence is {0,2,3,1},

· 
any of the TOs of the actual repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},

· 
any of the TOs of the actual repetitions if the configured RV sequence is {0,0,0,0}, except the actual repetitions within the last nominal repetition when K≥8. 
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Fig.1 Starting position determination when conflicts occur

The above mechanisms of starting position determination may decrease the detection and the decoding performance of configured grant PUSCH transmission. For one example case shown in Fig.1, the last three repetitions are discarded since they are conflicted with semi-static configured DL/flexible symbols. If the NR Rel-15 mechanisms of starting position determination is followed, the initial transmission of a TB may start at the 13th TO. In this case, only one actual repetition could be transmitted. Therefore, following is observed:
Observation 1: In the mechanisms of starting position determination, the exception TOs when K≥8 should be clarified to be the last valid TO for repetition Type A.  The valid TO means the TO without any overlapping with DL symbols indicated by RRC.
Proposal 2: If the configured RV sequence is {0,0,0,0}, for repetition Type A, the initial transmission of a TB may start at any of the TOs, except the last valid TO when K≥8. 
A text proposal is provided below in TS 38.214.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
6.1.2.3.1
Transport Block repetition for uplink transmissions of PUSCH repetition Type A with a configured grant

The procedures described in this clause apply to PUSCH transmissions of PUSCH repetition Type A with a Type 1 or Type 2 configured grant. 

The higher layer parameter repK-RV defines the redundancy version pattern to be applied to the repetitions. If the parameter repK-RV is not provided in the configuredGrantConfig, the redundancy version for uplink transmissions with a configured grant shall be set to 0. Otherwise, for the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. If a configured grant configuration is configured with Configuredgrantconfig-StartingfromRV0 set to ‘off’, the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions. Otherwise, the initial transmission of a transport block may start at 

-
the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},

-
any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},

-
any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion without downlink symbol(s) within a set of symbols for the transmission occasion when K≥8. 
For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. If the UE determines that, for a transmission occasion, the number of symbols available for the PUSCH transmission in a slot is smaller than transmission duration L, the UE does not transmit the PUSCH in the transmission occasion.

For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration. A Type 1 or Type 2 PUSCH transmission with a configured grant in a slot is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. 
<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: For the case when AntennaPorts-FieldPresence-ForDCIFormat0_2 isn’t configured for DCI format 0_2 with CRC scrambled by C-RNTI and Type 2 configured grant PUSCH transmission is activated by DCI format 0_2, Antenna port field value 0 shall be assumed and the rules defined in Rel-15 for DMRS determination for Type 2 configured grant PUSCH transmission when activated by DCI format 0_1 shall be reused.

Observation 1: In the mechanisms of starting position determination, the exception TOs when K≥8 should be clarified to be the last valid TO for repetition Type A.  The valid TO means the TO without any overlapping with DL symbols indicated by RRC.
Proposal 2: If the configured RV sequence is {0,0,0,0}, for repetition Type A, the initial transmission of a TB may start at any of the TOs, except the last valid TO when K≥8.
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