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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#107 e-meeting, a remarkable progress has been achieved by reaching a consensus on the indication mechanism of Msg3 PUSCH repetition. Other detailed issues also come to an agreement, including the available slot determination, the parameters of inter-slot frequency hopping. The feature of Msg3 PUSCH repetition has been nearly finished at RAN1 aspect, leaving only a few open issues on the retransmission of Msg3 PUSCH repetition.
	RAN1#107-e chairman’s notes [1]:
Agreement 
· Flexible symbol indicated by tdd-UL-DL-ConfigurationCommon and not overlapped with SSB symbols indicated by ssb-PositionsInBurst can be regarded as available symbols for Msg3 PUSCH repetition.
· Note: whether and how to introduce other potential mechanisms to use the flexible symbols are separately discussed.
· Note: The Rel-15/16 rules are reused for collision handling between Msg3 PUSCH transmission and a CORESET for Type0-PDCCH CSS set indicated to a UE by pdcch-ConfigSIB1 in MIB in a set of flexible symbols indicated by tdd-UL-DL-ConfigurationCommon.
Conclusion
· There is no consensus to additionally introduce explicit indication to indicate whether or not flexible slots/symbols configured via TDD-UL-DL-Configcommon are available for Msg3 repetition.
Agreement 
· RV cycling for Msg3 PUSCH repetition is based on transmission occasions on available slots.
Agreement 
For inter-slot FH for Msg3 PUSCH repetition, adopt the following legacy rules.
· The Rel-16 RB offset determination mechanism defined in Table 8.3-1 of TS 38.213 for intra-slot FH for Msg3 PUSCH is reused.
· The Rel-16 additional DMRS configuration defined in Clause 6.2.2 of TS 38.214 for Msg3 PUSCH in case intra-slot FH is disabled is reused.
· The Rel-16 inter-slot FH pattern defined in Clause 6.3.1 of TS 38.214 for PUSCH repetition type A is reused. 
Agreement
· 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}. 
Agreement 
For repetition indication for Msg3 re-transmission, Option 1 (i.e., use the same mechanism as supported for Msg3 initial transmission) is adopted. 
FFS: [8] MCS index to be used for Msg3 re-transmission
Working assumption : 
support repetition for a PUSCH scheduled by RAR UL grant, including both Msg3 PUSCH and CFRA PUSCH. 
· Use the same mechanism of Msg3 PUSCH repetition, when applicable, for CFRA PUSCH with repetitions. 
· No separate CFRA preamble/RO for repetition of CFRA PUSCH is introduced. 
· No additional optimization specific for CFRA PUSCH is considered for CFRA PUSCH with repetition. 
· No additional RAN1 specification impact
Note: UE reports Msg3 repetition capability after initial access. 
Note: The working assumption can be confirmed only if no additional RAN1 specification impact nor optimization specific for CFRA PUSCH.


In this contribution, we discuss the remaining issues about the repetition configuration for the retransmission of Msg3 PUSCH, the available slot determination in half duplex FDD and the repetition of PUSCH scheduled by RAR in CFRA.
2. Discussion
1. 
2. 
2.1. Indication of Msg3 PUSCH repetition
In RAN1 #107-e meeting, it has been agreed that Msg3 repetition factor for Msg3 initial transmission is indicated via the MSB 2 bits of MCS bitfield, and four candidate repetition factors can be configured by the system information. It is easy to include the repetition factor {1} in the repetition value set to keep backward compatibility. According to the agreement in the last meeting, four candidate MCS indexes can be configured via the system information mapped to the code points of LSB 2bit of MCS bitfield. It requires for 4 bits for indicating one MCS index, and the overhead of candidate MCS configuration is 16 bits. Considering that the high order MCS may be configured for Msg3 PUSCH repetition, it is necessary to support large factors for Msg3 PUSCH repetition, such as repetition factors {12, 16} defined in NR Rel-16 repetition. Therefore, the repetition value set of NR Rel-16 repetition, {1, 2, 3, 4, 7, 8, 12, 16}, should be supported for Msg3 PUSCH repetition.
Proposal 1: Support the repetition value set of {1, 2, 3, 4, 7, 8, 12, 16} for Msg3 PUSCH repetition.
Msg3 retransmission is scheduled by DCI format 0_0 scrambled with TC-RNTI. In DCI format 0_0 scrambled with TC-RNTI, the bit width of MCS is 5 bits, which is different from the bit width in RAR UL grant. There are LSB 3 bits unused in MCS bitfield if MLB 2 bits are used to indicate Msg3 PUSCH repetition factor, which could indicate at most eight candidate MCS indexes for Msg3 retransmission. Four candidate MCS indexes are configured for Msg3 initial transmission which is enough to schedule Msg3 PUSCH repetition. If additional four MCS indexes are introduced for Msg3 retransmission, it would require additional 16 bits overhead in the system information. Therefore, we suggest that the same set of repetition factors and MCS indexes used in Msg3 initial transmission should be reused for Msg3 retransmission. LSB 2 bits of MCS bitfield in DCI format 0_0 scrambled with TC-RNTI is used to indicate MCS configuration, four candidate MCS indexes, same as that for initial transmission, are mapped to LSB 2 bits of MCS bitfield.
[bookmark: _GoBack]Proposal 2: The same set of repetition factors and MCS indexes for Msg3 initial transmission should be adopted for Msg3 retransmission.
· LSB 2 bits of MCS bitfield in DCI format 0_0 scrambled with TC-RNTI are used to indicate MCS configuration.
· Four candidate MCS indexes, predefined or configured by system information are mapped to LSB 2 bits of MCS bitfield.
2.2. Determination of available slots for Msg3 PUSCH repetition
In RAN1 #107-e meeting, an agreement about the available slot of PUSCH Type-A repetition have been made in agenda 8.8.1.1.
	Agreement
· For HD-FDD RedCap UEs supporting the counting based on available slots.
· For CG-PUSCH, ssb-PositionsInBurst is used in the first step of determining of available slots.
· A slot is not counted in the number of available slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionInBurst.
· FFS: For DG-PUSCH
· Note: Neither tdd-UL-DL-ConfigurationCommon nor tdd-UL-DL-ConfigurationDedicated is configured for FDD.


HD-FDD RedCap UE determines the available slots for PUSCH repetition Type-A according to the position of SSB. The slot overlapping with SSB cannot be counted as available. For the random access procedure with Msg3 repetition, from UE perspective, it seems fine for a HD-FDD UE to determine the available slots not overlapping with SSBs indicated by ssb-PositionsInBurst. However, from network perspective, network has no idea about UE type (HD- or FD-FDD) based on the received preamble from the UE in CBRA. Thus, network cannot guarantee a same understanding of the available slot determination for both FD- and HD-FDD UE. To avoid the different understandings about the available slots, all the slots should be considered as available for Msg3 repetition transmissions. Whether HD-FDD Redcap UE transmits Msg3 or drops Msg3 can be up to conclusions from Redcap WI.
[bookmark: _Hlk83908310]Observation 1: The available slot determination shouldn’t be different for HD-FDD RedCap UEs and FD-FDD UEs as the network cannot differentiate HD-FDD RedCap UEs and FD-FDD UEs in CBRA.
Proposal 3: For HD-FDD UEs, all the slots should be considered as available for Msg3 repetition, and whether Msg3 PUSCH repetition should be transmitted when overlapping with SSBs can be up to conclusions from Redcap WI.
2.3. Repetition of PUSCH scheduled by RAR in CFRA
In RAN1 #107-e meeting, a working assumption is agreed that “support repetition for a PUSCH scheduled by RAR UL grant, including both Msg3 PUSCH and CFRA PUSCH”. CFRA procedure can be ordered by PDCCH or higher layer signalling. Considering limited time of RAN1, there should not be any additional RAN1 specification impacts for supporting repetition of PUSCH scheduled by RAR in CFRA PUSCH. 
For higher layer ordered CFRA, some explicit signalling can be provided in handover command or BFR configuration to indicate whether PUSCH scheduled by RAR should be repeated or not, and this could be studied in RAN2 without any RAN1 impacts. 
For PDCCH ordered CFRA, RAN1 has already agreed to avoid any additional L1 signalling or separate RO/preamble resources for indicating CFRA with repetition of PUSCH scheduled by RAR. To avoid any RAN1 impacts, the preamble indicated in DCI can be only one preamble and whether it is expected to have PUSCH scheduled by RAR repeated or not can only be based on the RO selection, where the RO can be selected from either a set of ROs configured for CBRA without Msg3 repetition or from the separate set of ROs configured for CBRA with Msg3 repetition. In this case, no separate RO specific for CFRA PUSCH repetition is needed, and no RAN1 impacts is expected either.
 With this understanding, we can confirm the working assumption for supporting repetition of PUSCH scheduled by RAR in CFRA ordered by higher layer or PDCCH.
Proposal 4: Confirm the working assumption of supporting repetition PUSCH scheduled by RAR for both higher layer ordered and PDCCH ordered CFRA without RAN1 impacts.
3. Conclusion
In this contribution, we discuss the remaining issues on detailed design of Msg3 PUSCH repetition, and we have following observations and proposals: 
Observation 1: The available slot determination shouldn’t be different for HD-FDD RedCap UEs and FD-FDD UEs as the network cannot differentiate HD-FDD RedCap UEs and FD-FDD UEs in CBRA.
Proposal 1: Support the repetition value set of {1, 2, 3, 4, 7, 8, 12, 16} for Msg3 PUSCH repetition.
Proposal 2: The same set of repetition factors and MCS indexes for Msg3 initial transmission should be adopted for Msg3 retransmission.
· LSB 2 bits of MCS bitfield in DCI format 0_0 scrambled with TC-RNTI are used to indicate MCS configuration.
· Four candidate MCS indexes, predefined or configured by system information, are mapped to LSB 2 bits of MCS bitfield.
Proposal 3: For HD-FDD UEs, all the slots should be considered as available for Msg3 repetition, and whether Msg3 PUSCH repetition should be transmitted when overlapping with SSBs can be up to conclusions from Redcap WI.
Proposal 4: Confirm the working assumption of supporting repetition PUSCH scheduled by RAR for both higher layer ordered and PDCCH ordered CFRA without RAN1 impacts.
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