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Introduction
In the previous RAN1#105-e meeting, the following agreements, working assumption, and conclusion were made on Type A PUSCH repetitions for Msg3 [1].
	Agreement at RAN1#105-e: For repetition indication of Msg3 re-transmission, select one options from the following two options.
· [bookmark: _Hlk77946640]Option 1: Use the same mechanism as supported for Msg3 initial transmission.
· Option2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  
Agreement at RAN1#105-e:
· For requesting Msg3 PUSCH repetition, support the following:
· Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include
· the separate RO configured by a separate RACH configuration index from legacy UE, and
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.
Agreement at RAN1#105-e: Available slot for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon. 
· A slot is determined as available for Msg3 repetition only if the consecutive symbols allocated for Msg3 repetition in the slot are all available symbols. 
· UL symbols indicated by TDD-UL-DL-Configcommon are determined as available for Msg3 repetition.
· FFS whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon.
Working assumption at RAN1#105-e:
· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission 
· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. 
· [bookmark: _Hlk77944553]TDRA information field with introducing a new TDRA table including the repetition factors.
· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.
· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.
· FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc. 
Conclusion at RAN1#105-e:
· Companies are encouraged to perform additional evaluations regarding intra-slot frequency hopping for Msg 3 with repetition. Aim to conclude whether or not to support this feature in RAN1#106-e (note: if supported, the intention is to not configure intra- and inter-slot frequency hopping simultaneously)


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 the previous RAN1#105-e meeting, it was agreed to use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs. Also, other options (using separate RO or remaining RO) were agreed as FFS. 
For the differentiation between CE UEs and legacy UEs, 2-step RACH framework in Rel-16 can be reused as a baseline to configure separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
In case of separate PRACH occasion, PRACH occasion for CE UEs can be configured in initial UL BWP in SIB1. For example, the initial UL BWP may contain additional RACH-ConfigCommon for CE UEs. It can have full flexibility to configure PRACH resources for CE UE. However, since all PRACH configurations should be configured separately, it may have large impacts on signalling overhead in SIB1. 
In case of separate PRACH preamble in case of shared PRACH occasions after SSB association, PRACH occasions are partially or fully shared with legacy UE. For example, for a given PRACH occasion, PRACH preamble indexes for CE UEs can be configured in SIB1. Compared to separate PRACH occasion, it seems to be more efficient in terms of signalling overhead in SIB1. However, it has less flexibility to configure PRACH resources for CE UEs.
Even if only one of the two options is supported, the 2-step RACH framework in Rel-16 (e.g., PRACH MASK index, RO sharing) should be reused as much as possible to coexist with legacy UEs and have less specification impact.
· Proposal 1: Separate PRACH resources can be configured based on the 2-step RACH framework in Rel-16. 
· Further study how to reduce signalling overhead in SIB1.

Indication of the number of repetitions for initial Msg3 PUSCH transmission.
For indication of the number of repetitions for initial Msg3 PUSCH transmission, working assumption was made in the RAN1#105-e meeting. It includes potential candidate bit fields in RAR UL grant for indication. We provide our views on which bit field(s) and how to use for indication of the number of repetitions for initial Msg3 PUSCH transmission.
· Which bit field(s) to use for indication of the number of repetitions for initial Msg3 PUSCH transmission.
1) TDRA information field with introducing a new TDRA table including the repetition factors.
It can flexibly indicate repetition number as in Rel-16. However, a configuration of additional TDRA table in SIB1 may not be desirable in terms of signalling overhead of SIB1 and specification impact.
2) MCS information field.
Some bits/code-points in “MCS” field can be utilized to indicate the repetition number since CE UE is more likely to be indicated with low code rate and modulation order. Thus, some of bits/code-points corresponding to high MCS index can be reused. It requires no additional signalling overhead since some of bits/code-points in existing field would be truncated. However, a new rule to truncate some bits/code-points for repetition number indication is necessary.
3) TPC information field.
Some bits/code-points in “TPC” field can be utilized to indicate the repetition number since CE UE is more likely to be indicated with high transmission power command. Thus, some of bits/code-points corresponding to low transmission power command can be reused. It requires no additional signalling overhead since some of bits/code-points in existing field would be truncated. However, a new rule to truncate some bits/code-points for repetition number indication is necessary.
4) CSI request information field.
Since there is only 1 reserved bit in “CSI request” field in UL grant, the 1 bit can be used to indicate the repetition number of N=1 or 2 as Msg3 PUSCH repetition number, i.e., one selection of {no repetition, X number of repetition} or {X number of repetition, Y number of repetition}.
5) FDRA information field.
Some bits/code-points in “FDRA” field can be repurposed to indicate the repetition number since CE UE may be scheduled with small number of PRBs. Thus, some of bits/code-points in FDRA field would be reused for FDRA indication. It requires no additional signalling overhead since some of bits/code-points in existing field would be truncated. Furthermore, similar mechanism is supported in Rel-16 NR-U. However, a new rule to truncate some bits/code-points for repetition number indication is necessary.
· How to use bit field(s) for indication of the number of repetitions for initial Msg3 PUSCH transmission.
1) [bookmark: _Hlk79155805]Multi-level of repetition number indication via single bit field other than CSI request field.
Since multi level of repetition number, such as {1, 2, 4, 8} may be configured for Msg3 PUSCH repetition, bit field that has more than 1 bit is proper to use, i.e., TDRA, MCS, TPC, or FDRA field. This method is straightforward to indicate the number of repetitions for initial Msg3 PUSCH transmission. However, it can give scheduling restriction to reuse existing field for repetition number indication due to truncation of at least 2 bits from the total number of bits.
2) Multi-level of repetition number indication via CSI request field.
Although CSI request field has only 1 bit, it can be reused for multi-level of repetition number indication. When multi-level of repetition number is configured, “1” (no repetition) can be excluded, i.e., a UE who requests Msg3 PUSCH repetition expects to be always indicated to transmit Msg3 PUSCH with repetition. Thus, one selection of {X, Y} can be indicated to the UE, where X and Y can be one of values 2, 4, or 8 and different to each other. Since CSI request field is reserved in Rel-15/16, this method can be backward compatible without any scheduling restriction. Nevertheless, the repetition number indication via single bit is somewhat inflexible than the other methods, because there are only two states as repetition number.
3) Multi-level of repetition number indication via two bit fields (CSI request + other field).
To address the above concern in single bit field method, two bit fields can be jointly used. If the number of bits required for repetition number indication is N=2, which is Msg3 PUSCH repetition number, one bit from CSI request field and one bit from the other field can be jointly used for repetition number indication. The other field can be one of TDRA, MCS, TPC, or FDRA field. It has less impact on scheduling restriction than indication method by the single field for multi-level of repetition number indication, since the required number of bits for indication is lowered from 2 bits to 1 bit from the single field. Also, more flexible repetition number can be indicated while the reserved CSI request field is utilized.
Based on the above discussions, we propose to use TPC, CSI request, and/or FDRA as bit field(s) that indicate the number of repetitions for initial Msg3 PUSCH transmission. Whether to support single or multiple (two) bit fields depends on indication method. For this, the detailed method of repetition number indication can be further discussed considering flexibility, scheduling restriction, and backward compatibility.
· Proposal 2: For initial Msg3 PUSCH transmission, the number of repetitions can be indicated with following methods via TPC, CSI request, and/or FDRA field(s) in RAR UL grant.
· Multi-level of repetition number indication via single bit field other than CSI request field.
· Two-level of repetition number indication via CSI request field.
· Multi-level of repetition number indication via two bit fields (CSI request + other field).

Indication of the number of repetitions for Msg3 PUSCH re-transmission.
For indication of the number of repetitions for Msg3 PUSCH retransmission, it was agreed to select one of two options, Option 1 uses the same mechanism for initial transmission case and Option 2 uses the HARQ process number bit fields.
1) Option 1: Use the same mechanism as supported for Msg3 initial transmission.
With this option, a common design for both initial transmission and retransmission can be supported. Especially, if considering indication via new TDRA table in initial transmission case, it’s worth to use the same TDRA table for retransmission case. It would be inappropriate to configure the TDRA table in SIB1 only for initial transmission. However, if considering other bit fields, a common design cannot be essential. Furthermore, if CSI request field is supported in initial transmission, this option is invalid for Msg3 PUSCH retransmission since DCI format 0_0 with CRC scrambled by TC-RNTI has no CSI request field. 
2) Option 2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.
Unlike with RAR UL grant, DCI format 0_0 with CRC scrambled by TC-RNTI has 4 reserved bits in HARQ process number bit field. It seems no reason to preclude such a sufficient number of reserved bits for indicating the number of Msg3 PUSCH repetitions and it seems to be beneficial in terms of flexibility, backward compatibility, and signalling overhead.
Based on the above discussions, we propose to support HARQ process number field as a bit field that indicates the number of repetitions for Msg3 PUSCH retransmission.
· Proposal 3: For Msg3 PUSCH retransmission, the number of repetitions can be indicated via HARQ process number field in DCI format 0_0 with CRC scrambled by TC-RNTI (Option 2).

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, and 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.

The number of repetitions counted on the basis of available slots for Msg3 PUSCH.
In the previous RAN1#105-e meeting, it was agreed that available slot for Msg3 PUSCH repetition depends on tdd-UL-DL-ConfigurationCommon. At least UL symbols indicated by tdd-UL-DL-ConfigurationCommon is used to determine available slot. Remaining issue is whether and how to use flexible symbols indicated by tdd-UL-DL-ConfigurationCommon for available slot determination of Msg3 PUSCH repetition.
Since a UE during initial access procedure is only configured by tdd-UL-DL-ConfigurationCommon, available slots can be determined differently with PUSCH transmission after RRC connection, which also depends on tdd-UL-DL-ConfigurationDedicated. Since flexible symbols configured by tdd-UL-DL-ConfigurationCommon can be configured as DL symbol by tdd-UL-DL-ConfigurationDedicated, a collision can occur if available slot is determined for Msg3 PUSCH repetition based on flexible symbol configured by tdd-UL-DL-ConfigurationCommon.
However, at least the first repetition of Msg3 PUSCH can be scheduled in flexible symbols even only based on tdd-UL-DL-ConfigurationCommon, since a gNB can be aware of availability of flexible symbols in a serving cell. It is worth noting that the flexible symbols by tdd-UL-DL-ConfigurationCommon can be used to indicate the Msg3 PUSCH transmission without repetition in Rel-15/16.
For the remaining repetitions, whether to determine available slot based on only UL symbols or both flexible symbols and UL symbols by tdd-UL-DL-ConfigurationCommon can be further discussed considering a potential DL-UL collision handling.
· Proposal 5: For the first repetition of Msg3 PUSCH, flexible symbols by tdd-UL-DL-ConfigurationCommon can be used to determine available slot for Type A PUSCH repetition for Msg3.
· For the remaining repetitions of Msg3 PUSCH, further discuss whether flexible symbols by tdd-UL-DL-ConfigurationCommon are used or not to determine available slot for Type A PUSCH repetition for Msg3.

Conclusion
In this contribution, we provided our views on Type A PUSCH repetitions for Msg3 and the followings were proposed:
· Proposal 1: Separate PRACH resources can be configured based on the 2-step RACH framework in Rel-16. 
· Further study how to reduce signalling overhead in SIB1.
· Proposal 2: For initial Msg3 PUSCH transmission, the number of repetitions can be indicated with following methods via TPC, CSI request, and/or FDRA field(s) in RAR UL grant.
· Multi-level of repetition number indication via single bit field other than CSI request field.
· Two-level of repetition number indication via CSI request field.
· Multi-level of repetition number indication via two bit fields (CSI request + other field).
· Proposal 3: For Msg3 PUSCH retransmission, the number of repetitions can be indicated via HARQ process number field in DCI format 0_0 with CRC scrambled by TC-RNTI (Option 2).
· 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.
· Proposal 5: For the first repetition of Msg3 PUSCH, flexible symbols by tdd-UL-DL-ConfigurationCommon can be used to determine available slot for Type A PUSCH repetition for Msg3.
· For the remaining repetitions of Msg3 PUSCH, further discuss whether flexible symbols by tdd-UL-DL-ConfigurationCommon are used or not to determine available slot for Type A PUSCH repetition for Msg3.
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