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RAN approved a new WI on NR coverage enhancement in RAN#90e [1]. The WI includes the following objective:
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
For the support of msg3 repetition, TR 38.830 section 6.3.1 [2] identifies specification impacts related to the following issues:
· Indication of the number of repetitions for initial transmission and re-transmission.
· Possible application of enhancements envisioned for PUSCH repetition type A and/or bundling.
· Inter-slot frequency hopping.
· Differentiation between UE supporting feature and legacy UE.
This contribution proposes solutions for the indication of the number of repetitions for initial transmission and re-transmission and differentiation from legacy UE.
Indication of the number of repetitions
Indication for msg3 initial transmission
At RAN1#104-e, RAN1 agreed on down-selecting from 3 possible options for indicating the number of repetitions for msg3 initial transmissions (see Appendix) [3]. The three options are (1) UL grant scheduling msg3, (2) DCI format 1_0 and (3) SIB1 only.
Among these, Option 1 and 2 enable the network to decide whether to trigger repetitions or not following preamble reception, while Option 3 does not. With Option 3, every UE selecting a preamble associated with repetitions is rigidly allocated significant resources regardless of the load situation in the cell. Therefore, it would be quite restrictive from the perspective of the scheduler.
Observation: Indication of the number of repetitions by SIB1 only (Option 3) does not allow scheduler to adapt resources for msg3 to current load situation in the cell.
Between the two remaining options, Option 2 would address a group of UEs (possibly multiple RAR’s), whereas in Option 1 the repetition is indicated only to UE(s) that transmitted the preamble on the specific PRACH resource associated with the RA-RNTI. Thus, Option 1 allows for better targeting of UEs that perform repetition. Furthermore, there does not seem to be significant impact with Option 1 if the repetition factor is simply added as entry to the TDRA table configured in SIB1. The same approach would work for a fallbackRAR UL grant, if supported.
Proposal 1: The UL grant scheduling msg3 indicates the number of repetitions (Option 1).
Proposal 2: RRC configures a repetition factor for each entry of TDRA table in SIB1.

Indication for msg3 retransmission
At RAN1#104-e, RAN1 agreed on down-selecting from 2 possible options for indicating the number of repetitions for msg3 retransmissions (see Appendix). The two options are (1) DCI format 0_0 with CRC scrambled by TC-RNTI, (2) Based on the repetition number for msg3 initial transmission. Option 1 allows for better efficiency in case e.g. the network expects successful reception with fewer repetitions than in the initial transmission. There is no need to change the DCI if the UE uses the same TDRA table as in the case of initial transmission (PUSCH scheduled by MAC RAR) or if the UE is configured with a dedicated TDRA table. This can be specified by reusing rules in Table 6.1.2.1.1-1 of 38.214 to determine the applicable TDRA table. The specification impact may even be lower than with Option 2. 
Proposal 3: No modification to DCI format 0_0 with CRC scrambled by TC-RNTI for indicating msg3 repetitions.
Proposal 4: The TDRA field of DCI format 0_0 with CRC scrambled by TC-RNTI indicates the number of repetitions for msg3 retransmission (Option 1).
Differentiation from legacy UE
To enable differentiation between legacy UE and UE supporting the enhancement, RAN1 identified a set of options. 
In Option 1-1, the network configures separate RACH configuration for coverage-enhanced (CE) UE. This enables determination of whether the UE supports msg3 repetition from preamble detection and may also enable estimation of how many repetitions are needed if preamble groups are configured within this RACH configuration. This option is straightforward although it requires segregation of RACH resources which could potentially lead to congestion.
Option 2 is similar to Option 1-1, except that the UE can select between the legacy configuration and the CE configuration to determine whether to perform msg3 repetition according to some criterion. As in Option 1-1, it requires segregation of RACH resources. However, one difference is that the network does not know that the UE supports msg3 repetition if it decided to use the legacy configuration. This prevents the network from scheduling a msg3 retransmission with repetition if the initial msg3 transmission failed. There is also no clear advantage over Option 1-1 since differentiation by pathloss can be supported in Option 1-1 as well.
In Option 1-2, the network attempts to schedule msg3 repetition without knowing whether the UE supports the feature. The network blind detects whether the UE performs repetition or not based on UCI multiplexing or DMRS property. This option does not require additional RACH configuration. However, it has considerable specification and implementation impact (especially at the network side). It is also unclear how the network could determine whether repetitions would be useful or not.
Based on the above, Option 1-1 seems to be most straightforward and is preferred, unless it is demonstrated that RACH congestion is likely to occur in practice.
Proposal 5: A UE supporting msg3 repetition uses separate RACH configuration (Option 1-1).
Conclusion.
This contribution proposes solutions for the indication of the number of repetitions for initial transmission and re-transmission and differentiation from legacy UE.
Proposal 1: The UL grant scheduling msg3 indicates the number of repetitions (Option 1).
Proposal 2: RRC configures a repetition factor for each entry of TDRA table in SIB1.
Proposal 3: No modification to DCI format 0_0 with CRC scrambled by TC-RNTI for indicating msg3 repetitions.
Proposal 4: The TDRA field of DCI format 0_0 with CRC scrambled by TC-RNTI indicates the number of repetitions for msg3 retransmission (Option 1).
Proposal 5: A UE supporting msg3 repetition uses separate RACH configuration (Option 1-1).
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Appendix
Agreements from RAN1#104-e
Agreements:
· For indication of the number of repetitions for Msg3 initial transmission, down-select one option from the options below.
· Option1: UL grant scheduling Msg3.
· FFS details.
· FFS fallbackRAR UL grant. 
· Note: Optimization specific for fallbackRAR UL grant in 2-step RACH is not considered in Rel-17 CovEnh WI, if supported.
· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI
· FFS details. 
· Option3: SIB1 only
· Any modifications of RAR UL grant or DCI format 1_0 with CRC scrambled by RA-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the RAR or DCI format 1_0 with CRC scrambled by RA-RNTI respectively


Agreements:
· For indication of the number of repetitions for Msg3 re-transmission, down-select one option from the options below.
Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.
FFS details.
Any modifications of DCI format 0_0 with CRC scrambled by TC-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the DCI format 0_0 with CRC scrambled by TC-RNTI.
Option2: Can be determined based on the repetition number  for  Msg3 initial transmission

Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.

Agreements:
For Msg3 PUSCH repetition,  the following options are considered, aiming for down-selection in RAN1#104b-e:
·  Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE indicates to support of Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE supporting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· FFS details if any.
· Option 1-2: For gNB scheduled Msg3 PUSCH repetition without UE request,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· For UE does not support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH without repetition
· For UE does support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH with repetition as indicated by gNB and UE uses, e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Note: e.g., this can be for differentiation between UEs not supporting Msg3 PUSCH repetition and Rel-17 CE UEs supporting Msg3 PUSCH repetition or between RACH procedure with Msg3 PUSCH repetition and Msg3 PUSCH without repetition, etc.
· gNB blindly decodes Msg3 PUSCH with two different assumptions, w/ and w/o repetition.
· FFS details if any.
· Option 2-1: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is triggered by UE, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS details if any.
· Option 2-2: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· If Msg3 PUSCH repetition is scheduled, UE transmits Msg3 PUSCH with or without repetition. If UE transmits Msg3 PUSCH repetition, the number of repetition follows the indication of gNB and UE uses e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· FFS details if any.
· Other options are not precluded. 
