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Introduction
In the RAN1#104-e meeting, the following agreements and conclusion were made on Type A PUSCH repetitions for Msg3 [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. 



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.
· [bookmark: _Hlk68633301]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.


In this contribution, we provide our views on Type A PUSCH repetitions for Msg3.

[bookmark: OLE_LINK69]Discussion on Type A PUSCH repetitions for Msg3
[bookmark: _Hlk61820910]Differentiation between CE UEs and legacy UEs.
In previous RAN1#104-e meeting, it was agreed to down-select options for differentiation between CE UEs and legacy UEs in RAN1#104b-e meeting.
Firstly, options can be categorized as Option X-1 (Option 1-1 and 2-1) and Option X-2 (Option 1-2 and 2-2), and our understanding and views are as follows. 
With Option X-1, CE UEs and legacy UEs are differentiated via separate PRACH transmission (separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions). In Rel-15/16, separate PRACH configuration is used for different usages, for example, 4-step RACH vs. 2-step RACH and CBRA vs. CFRA. Although such a separate PRACH configuration in Rel-15/16 is configured by dedicated RRC signalling for the intended UE behaviours, it can be introduced to identify CE UEs during initial access procedure. 
With Option X-2, CE UEs and legacy UEs are differentiated via separate Msg3 PUSCH transmission (separate DMRS configuration or UCI multiplexing with Msg3 PUSCH). Before decoding, gNB cannot be aware of whether a UE transmit Msg3 PUSCH with repetition or not. Thus, blind decoding should be conducted at gNB, which may increase gNB complexity. Also, gNB has to reserve some resources for potential Msg3 PUSCH repetitions, and it may degrade uplink resource utilization.
Based on the above discussion, we prefer Option X-1 to differentiate CE UEs and legacy UEs.
Difference of Option 1-1 and 2-1 is availability of PRACH resources for CE UEs who transmit Msg3 PUSCH with repetitions.
With Option 1-1, a CE UE with capability of Msg3 PUSCH repetition should transmit a PRACH preamble in a separate PRACH configuration regardless of whether Msg3 PUSCH transmission with repetitions is necessary or not. It is a kind of early capability reporting via separate PRACH configuration. Therefore, gNB has to reserve separate PRACH resources for potential initial access of CE UEs with capability of Msg3 PUSCH repetition in a cell.
With Option 2-1, only a UE who actually needs Msg3 PUSCH repetition transmits a PRACH preamble in a separate PRACH. Note that Msg3 PUSCH repetition can be triggered based on some conditions of DL reception (e.g., SS-RSRP threshold) on UE side. Even a UE has a capability to transmit Msg3 PUSCH with repetitions, the UE can transmit a PRACH preamble in the same PRACH configuration with legacy UEs. It means that less PRACH occasions or preambles can be reserved for CE UEs, thus larger PRACH capacity is allowed than Option 1-1. 
Based on above discussion, we propose to support Option 2-1 that has less PRACH overhead.
· Proposal 1: We propose to support differentiation between CE UEs and legacy UEs via separate PRACH configuration (separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions), i.e., Option 1-1 and Option 2-1.
· In terms of PRACH overhead, Option 2-1 is preferred.

Indication of the number of repetitions for initial Msg3 PUSCH transmission.
Several options to indicate the number of repetitions for initial Msg3 PUSCH transmission were discussed in the last RAN1#104-e meeting and it was agreed to down-select one option from the following three options. 
· Option1: UL grant scheduling Msg3.
· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI.
· Option3: SIB1 only.
With Option1, the number of repetitions for initial Msg3 PUSCH transmission is indicated by UL grant scheduling Msg3. It seems to be straightforward to include the repetition number in corresponding UL grant. Option 1 can further include the following three sub-options.
1) New TDRA table that includes repetition number of Msg3 PUSCH can be configured in SIB1. It can indicate repetition number flexibly as in Rel-16. However, additional TDRA table configuration in SIB1 may not be desirable in terms of signalling overhead of SIB1. 
2) [bookmark: _Hlk68633581]Indication via 1 reserved bit in “CSI request” field of UL grant. Since there is only 1 reserved bit, one of up to two repetition numbers (including no repetition) can be indicated. Also, it may not a forward compatible way since this field can be used for other purpose in later. 
3) Reinterpretation of original bit field without additional signalling. For example, the repetition number can be determined based on combination of Msg3 PUSCH scheduling information in UL grant such as MCS, TPC, etc. However, it can be hard to define which combination is reinterpreted as the repetition number.
With Option2, a repetition number is indicated via reserved bit field in DCI format 1_0 with CRC scrambled by RA-RNTI. In DCI format 1_0 with CRC scrambled by RA-RNTI, there are reserved 14 bits in FDD and 16 bits in TDD. Thus, some of these reserved bits can be used to indicate repetition number. However, since the DCI format 1_0 with CRC scrambled by RA-RNTI is intended to a group of UEs using the same PRACH occasion, the same repetition number is also informed to the group of UEs. In addition, since the DCI format 1_0 with CRC scrambled by RA-RNTI is used to schedule a PDSCH carrying RAR (Msg2), it is undesirable to include PUSCH scheduling information in this DCI format.
With Option3, a repetition number is configured in SIB1, and no additional information about the repetition number is signalled for initial Msg3 PUSCH transmission. Thus, only single repetition number can be informed to UE so that it is hard to indicate the repetition number according to a CE UE’s coverage. 
Based on the above discussion, we propose to support Option 1 and 2 for indication of the number of repetitions for initial Msg3 PUSCH transmission.
· Proposal 2: For initial Msg3 PUSCH transmission, the number of repetitions can be indicated with following options.
· Option1: UL grant scheduling Msg3.
· New TDRA table.
· Indication via reserved bit(s).
· Reinterpretation of original bit field.
· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI.
· Indication via reserved bit(s).

Indication of the number of repetitions for Msg3 PUSCH re-transmission.
For Msg3 PUSCH retransmission, there are two options to be down-selected, and we provide our views for two options in below.
· Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.
· Option2: Can be determined based on the repetition number for Msg3 initial transmission.
With Option1, it is similar to Option 1 in initial Msg3 PUSCH transmission. Thus, a repetition number can be included in DCI format 0_0 with CRC scrambled by TC-RNTI that schedules Msg3 PUSCH retransmission. Also, this option can further include the following sub-options.
1) New TDRA table that includes repetition number of Msg3 PUSCH can be configured in SIB1. It can indicate repetition number flexibly as in Rel-16. However, additional TDRA table configuration in SIB1 may not be desirable in terms of signalling overhead of SIB1.  
2) Indication via 1 reserved bit in “New data indicator” field and/or 4 reserved bits in “HARQ process number” field. Contrary to UL grant scheduling initial Msg3 PUSCH transmission, DCI format 0_0 with CRC scrambled by TC-RNTI has more reserved bits to indicate repetition number of Msg3 PUSCH retransmission. However, it may not a forward compatible way since this field(s) can be used for other purpose in later. 
3) Reinterpretation of original bit field without additional signalling. For example, a repetition number can be determined based on combination of Msg3 PUSCH scheduling information in the DCI format such as MCS, TPC, etc. However, it is hard to define which combination is reinterpreted as the repetition number.


With Option 2, if a UE is indicated to retransmit Msg3 PUSCH, the same repetition number of initial Msg3 PUSCH transmission is applied to the Msg3 PUSCH retransmission. It would be beneficial in terms of signalling overhead, but not a good option in terms of scheduling flexibility. Also, some UL resources are wasted due to unnecessary repetitions for Msg3 PUSCH retransmission. On the other hands, coverage of the Msg3 PUSCH retransmission is degraded when the repetition number of initial Msg3 PUSCH transmission is not enough.
Based on the above discussion, we propose to support Option 1 for indication of the number of repetitions for Msg3 PUSCH retransmission.
· Proposal 3: For Msg3 PUSCH retransmission, the number of repetitions can be indicated with following option.
· Option1: DCI format 0_0 with CRC scrambled by TC-RNTI
· New TDRA table.
· Indication via reserved bit(s).
· Reinterpretation of original bit field.

Frequency hopping for Msg3 repetition.
It was agreed in the RAN1#104-e meeting to support inter-slot frequency hopping for repetition of Msg3 initial and retransmission. Inter-slot frequency hopping can provide frequency diversity with less DMRS overhead than intra-slot frequency hopping.
It should be clarified whether to support intra-slot frequency hopping or not for a CE UE who has Msg3 PUSCH repetition capability but is indicated to transmit Msg3 PUSCH without repetitions. In Rel-15/16, intra-slot frequency hopping is already supported for Msg3 PUSCH transmission without repetitions. There is no reason to restrict it for a CE UE. Thus, if a CE UE who has Msg3 PUSCH repetition capability but is indicated to transmit Msg3 PUSCH without repetitions, intra-slot frequency hopping can be supported. Otherwise, a CE UE who has Msg3 PUSCH repetition capability but is indicated to transmit Msg3 PUSCH with repetitions, inter-slot frequency hopping can be supported.
· Proposal 4: For a CE UE with capability of Msg3 PUSCH repetitions, we propose to support intra-slot frequency hopping for Msg3 PUSCH without repetitions and inter-slot frequency hopping for Msg3 PUSCH with repetitions.

Conclusion
In this contribution, we provided our views on Type A PUSCH repetitions for Msg3 and the followings were proposed:
· Proposal 1: We propose to support differentiation between CE UEs and legacy UEs via separate PRACH configuration (separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions), i.e., Option 1-1 and Option 2-1.
· In terms of PRACH overhead, Option 2-1 is preferred.


· Proposal 2: For initial Msg3 PUSCH transmission, the number of repetitions can be indicated with following options.
· Option1: UL grant scheduling Msg3.
· New TDRA table.
· Indication via reserved bit(s).
· Reinterpretation of original bit field.
· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI.
· Indication via reserved bit(s).
· Proposal 3: For Msg3 PUSCH retransmission, the number of repetitions can be indicated with following option.
· Option1: DCI format 0_0 with CRC scrambled by TC-RNTI
· New TDRA table.
· Indication via reserved bit(s).
· Reinterpretation of original bit field.
· Proposal 4: For a CE UE with capability of Msg3 PUSCH repetitions, we propose to support intra-slot frequency hopping for Msg3 PUSCH without repetitions and inter-slot frequency hopping for Msg3 PUSCH with repetitions.
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