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Background
In this paper, we provide views on msg3 PUSCH repetition. 
Discussion
1.1. UE identification method
At RAN1#104-e meeting, the following agreement is made in AI 8.8.3 for UE identification [1]. 
	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.




One discussion point is which of PRACH or msg3 is used to indicate UE side information (UE capability or UE triggering of msg3 PUSCH repetition). Option 1-1 and Option 2-1 use PRACH to indicate the information. On the other hand, Option 1-2 and Option 2-2 use msg3 to indicate the information.
When the UE indicate the UE side information in msg3, the network is required to reserve multiple slots for scheduling a msg3 repetition. When the UE transmitted in a single slot, the subsequent slots reserved for repetition is wasted. Further, justification of blind detection for msg3 is not clear. Blind detection would cause performance loss to some extent. Therefore, for coverage enhancement, we don’t prefer blind detection.
Increase of the reserved resource would occur when using the PRACH. However, no blind detection is required for msg3 reception in gNB side. Therefore, we propose,
Proposal 1: UE indicates UE capability or triggering information of msg3 PUSCH repetition via PRACH (i.e., Option 1-1 or 2-1).
In Option 1-1, the detected power for PRACH in the gNB is the only information useful for decision of whether to schedule repetition or not for msg3 PUSCH repetition capable UE. On the other hand, in Option 1-2, measurement result of SSB in the UE is used as a baseline. When the gNB detects PRACH triggering the msg3 repetition, the gNB decides whether to schedule repetition based on the detected power of the PRACH. In our perspective, we support both for network flexibility.
Proposal 2: gNB configures which of UE capability or triggering information of msg3 PUSCH repetition should be reported by the UE.
Regarding resource for conveying the information, supporting both separate PRACH configuration and shared PRACH configuration would be beneficial for the network flexibility. 
Proposal 3: Support both separate PRACH configuration and shared PRACH configuration.
1.2. TDRA
At RAN1#104-e meeting, the following agreement is made in AI 8.8.3 for TDRA of msg3 PUSCH repetition [1]. 
	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




For Option 1-1 in UE identification method, the gNB decides whether to transmit a repetition based on the detected power of PRACH. In that case, the gNB should be able to indicate the number of repetitions dynamically, which makes Option 3 infeasible. 
DCI format 1_0 with CRC scrambled by RA-RNTI is detected by the group of UEs corresponding to the same RO. Therefore, the gNB is required to make a group dedicated for UEs with the same number of repetitions. Grouping of multiple RARs in one msg2 should be flexibly determined by the gNB according to available DL resources. 
Therefore, the number of repetitions should be indicated per UE basis, which is feasible by Option 1.
Proposal 4: For indication of the number of repetitions for Msg3 initial transmission, UL grant scheduling Msg3 is used.
Regarding detailed methods on how to indicate the number of repetitions, it is required to reuse a bit field in UL grant scheduling msg3. Since the number of repetitions are related to time domain resource assignment, joint coding in a TDRA table like Rel-16 repetition type A is preferred. If joint coding solution is introduced for a TDRA table in ServingCellConfigCommon, which is intended for msg3 PUSCH, repetition type A is also supported for a PUSCH scheduled by RAR UL grant for CFRA.
Proposal 5: Information on the number of repetitions is jointly encoded with a TDRA table in ServingCellConfigCommon.
1.3. Support for intra-slot frequency hopping
At RAN1#104-e meeting, the following agreement is made in AI 8.8.3 for frequency hopping of msg3 PUSCH repetition [1]. 
	Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.




Support of intra-slot frequency hopping would have benefit in terms of reducing resource fragmentation. For example, when legacy UE#0 is allocated a msg3 PUSCH transmission without repetition in RB#0 for the first half of slot#0 and RB#50 for the second half of slot#0, legacy UE#1 is allocated a msg3 PUSCH transmission without repetition in RB#0 for the first half of slot#1 and RB#50 for the second half of slot#1, and CE UE#2 is allocated a msg3 PUSCH transmission with repetition in RB#50 for the first half of slot#0 and slot#1 and RB#0 for the second half of slot#0 and slot#1. the gNB can multiplex 3 UEs (including 2 legacy UEs without repetition and CE UEs with repetition of 2 times) in 2 slots.
Proposal 6: Support intra-slot frequency hopping for msg3 PUSCH repetition.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: UE indicates UE capability or triggering information of msg3 PUSCH repetition via PRACH (i.e., Option 1-1 or 2-1).
Proposal 2: gNB configures which of UE capability or triggering information of msg3 PUSCH repetition should be reported by the UE.
Proposal 3: Support both separate PRACH configuration and shared PRACH configuration.
Proposal 4: For indication of the number of repetitions for Msg3 initial transmission, UL grant scheduling Msg3 is used.
Proposal 5: Information on the number of repetitions is jointly encoded with a TDRA table in ServingCellConfigCommon.
Proposal 6: Support intra-slot frequency hopping for msg3 PUSCH repetition.
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