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In 3GPP RAN#90-e, a work item for Rel-17 NR coverage enhancements was approved. One of the objectives of this WI is
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

Although Rel-17 RAN1 work is closed in RAN1#107-e, in this contribution we present our views on remaining open aspects to enhance NR coverage for Msg3 PUSCH channel.
Msg3 Coverage Enhancement

How to interpret the MCS bit-fields
For indication of number of repetitions for Msg3 initial transmission, RAN1 had couple of rounds of discussions where it was finally agreed in RAN1 #107e that [2]:
Agreements: For indication of the number of repetitions of Msg3 initial transmission, Alt 2 (i.e., using MCS information field) is adopted. 
· Four candidate MCS indexes can be configured by SIB1 for Msg3 initial transmission. MCS 0~3 are applied if the configuration is absent.
· If the four candidate repetition factors are not configured, the default values are {1, 2, 3, 4}. 

Based on the above agreement, and based on previous related agreements, the procedure to indicate number of repetitions for Msg3 PUSCH initial transmission can be summarized as follows:
· 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values.
· If the four candidate repetition factors are not configured, the default values are {1, 2, 3, 4}.
· 2 LSB bits of the MCS information field are used for selecting one MCS index from a SIB1 configured set with 4 candidate values.
· MCS 0~3 are applied if the configuration is absent.

While the indication of repetition factor is well specified in detail, the remaining open aspect is related to how UE is indicated on the new interpretation of the MCS bit-field. An agreement was made in RAN1#106-e, based on which there are two options on how UE should interpret the bit-field. One option is to include such indication within the bit field. More precisely, one state (out of 4 to indicate repetition factor) shall be reserved to indicate no repetitions. Such a solution saves extra bit to indicate repetition factor at the cost of reduced scheduling flexibility. Another solution is to have a separate bit, implicitly or explicitly, indicating to UE about new interpretation of MCS bit-field. Given that we have enough reserved bits in DCI 1_0 with CRC scrambled by RA-RNTI, we think a bit in DCI scheduling Msg2 can explicitly indicate how to interpret UL RAR grant bit fields.  
Based on this argument, we have the following proposal:
Proposal 1: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using a reserved bit in DCI 1-0 to indicate repurposing MCS bit field in RAR UL grant.

Similarly, to signal repurposing of MCS to indicate number of repetitions for Msg3 retransmission, some of the reserved bits in DCI 0_0 with CRC scrambled by TC-RNTI can be used. 
Proposal 2: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using some of the reserved bit in DCI 0-0 to indicate repurposing MCS bit field in DCI 0-0. 


Waveform indication for Msg3
In current specification, whether or not transform precoding is enabled for Msg3 transmission is indicated by a cell-specific parameter, msg3-transformPrecoder. More, precisely, from 38.214, Sec. 6.1.3, we have:
· For a PUSCH scheduled by RAR UL grant, or for a PUSCH scheduled by fallbackRAR UL grant, or for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the UE shall consider the transform precoding either 'enabled' or 'disabled' according to the higher layer configured parameter msg3-transformPrecoder.
From 38.331, we have:
· msg3-transformPrecoder is configured the cell specific IE RACH-ConfigCommon 

While NW may choose not to enable transform precoding for all UEs performing RACH, it is desired to have a mechanism to enable transformprecoder for Msg3 transmission of some UEs, e.g. for a UE required to enhance/recover coverage, in a UE specific procedure. Based on what we discussed, the following is proposed:

Proposal 3: for Msg3 transmission, gNB indicates whether transformprecoder is enabled or not via:
· Alt1: repurpose some bits in RAR UL grant (for initial Msg3 transmission) or DCI format 0_0 with CRC scrambled by TC-RNTI (for Msg3 retransmission) to indicate whether transformprecoder enabled or not
· Alt2: implicit indication, for example, transformprecoder is enabled if UE indicates to require coverage enhancement/recovery

Conclusions
In this contribution, we discuss remaining issues for Msg3 PUSCH coverage enhancement and have the following proposals:

Proposal 1: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using a reserved bit in DCI 1-0 to indicate repurposing MCS bit field in RAR UL grant.

Proposal 2: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using some of the reserved bit in DCI 0-0 to indicate repurposing MCS bit field in DCI 0-0. 

Proposal 3: for Msg3 transmission, gNB indicates whether transformprecoder is enabled or not via:
· Alt1: repurpose some bits in RAR UL grant (for initial Msg3 transmission) or DCI format 0_0 with CRC scrambled by TC-RNTI (for Msg3 retransmission) to indicate whether transformprecoder enabled or not
Alt2: implicit indication, for example, transformprecoder is enabled if UE indicates to require coverage
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