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1. Introduction

In RAN1#106bis-e, Type A PUSCH repetitions for Msg3 was discussed, and the following working assumption and agreements were made [1].
Working Assumption 
Down-select only one from the following methods for indication of the number of repetitions of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, Option 2 is supported. 
· The candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]} 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values.
· The set of candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]}
Note: Whether ‘1’ is included depends on the outcome of interpretation of the selected information field.
Agreement 
Include the following into the reply LS to R1-2108712(R2-2109195). 
RAN1 thinks at least the number of preambles per SSB per RO for request of Msg3 repetition, i.e., CB-PreamblesPerSSB, is needed. It’s up to RAN2 whether to indicate the start of preamble index for request of Msg3 repetition with shared RO. 

Agreement 
Include the following into the reply LS to R1-2108712(R2-2109195). 
From RAN1 perspective, there is no need to separately configure the following legacy RACH parameters configured in RACH-ConfigCommon for requesting Msg3 PUSCH repetition with shared RO on a given UL carrier. 

· prach-ConfigurationIndex

· msg1-FDM

· msg1-FrequencyStart

· zeroCorrelationZoneConfig

· totalNumberOfRA-Preambles

· ssb-perRACH-OccasionAndCB-PreamblesPerSSB

· FFS: rsrp-ThresholdSSB 

· rsrp-ThresholdSSB-SUL

· prach-RootSequenceIndex

· msg1-SubcarrierSpacing

· restrictedSetConfig

· msg3-transformPrecoder
Conclusion 
There is no consensus to additionally support intra-slot frequency hopping for Msg3 PUSCH with repetition in Rel-17. 
Note: intra-slot FH is supported when a UE is scheduled Msg3 PUSCH without repetition.

Agreement
Include the following into the reply LS to R1-2108712(R2-2109195)
· From RAN1 perspective, it can be beneficial to separately configure rsrp-ThresholdSSB for requesting Msg3 PUSCH repetition with shared RO on a given UL carrier.
Agreement
If UE is indicated with Msg3 PUSCH with repetition, the frequency hopping flag information field in UL RAR grant or DCI format 0_0 with CRC scrambled by TC-RNTI is reused to enable/disable inter-slot frequency hopping.
Agreement
The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot.
· FFS whether collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated is an exceptional case, i.e., Msg3 PUSCH repetition cannot be cancelled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17.
· FFS: Rel-17 Msg3 PUSCH collision rules are also applied if introduced in other WI(s)
In this contribution, the remaining issues on Msg3 PUSCH repetition are discussed.
2. Discussion
2.1. Indication of the number of repetitions for Msg3
During RAN1#106bis-e meeting, working assumptions on the indication of the number of repetition of Msg3 initial transmission were agreed. TDRA and MCS based methods for indication of the number of repetitions of Msg3 initial transmission are to be down selected.
For Alt 1, TDRA information field in the RAR UL grant is feasible to be reused to carry the number of repetitions for Msg3. For URLLC PUSCH transmission in Rel-16, the repetition number is indicated by TDRA entries. It is a mature mechanism that has been proved in Rel-16, including the TDRA flexibility aspect. For Msg3, the flexibility of payload size is limited compared to the URLLC PUSCH transmission in Rel-16. Also, as assumed with Alt 2 MCS based method, the MCS level used for Msg3 repetition is limited. Less than 16 TDRA entries with repetition number indication are also enough for Msg3 transmission, if we consider the limited selection of Msg3 payloads and MCS level. If the candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]}, the candidate values for TDRA entries to indicate can be further reduced. For example, 4 candidate values are chosen as required for Alt 2 MCS based method, there are still average 4 TDRA entries for each repetition factor. For SIB1 overhead issue, legacy and CE UEs Msg3 transmission can share the same {K2, mapping type, SLIV} for TDRA list configuration. TDRA list configuration with repetition factor has very minor overhead increase, which is neglectable compared to the whole SIB1 size. 
For Alt2, 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values. As discussed during last meeting, MCS flexibility is also a concern of some companies. Alt 2 requires repurpose of 2 MCS bits, which results in only 4 supported MCS levels. Forward compatibility is another concern, if more MCS levels are required for UE supporting Msg3 repetition in the later Release. 
In our view, if 4 candidate values for repetition factor are to be configured, the flexibility of TDRA is not a severe concern, compared to MCS based method. It is preferred to minimize the specification impacts. TDRA based indication reuses similar mechanism as already specified for URLLC. It seems to have least standard efforts and better forward compatibility.
Proposal 1: TDRA information field is selected for the repetition number indication of Msg3 initial transmission.

Proposal 2: Candidate repetition factor set for TDRA based repetition number indication can be configured in SIB1. 
For the Msg3 re-transmission, DCI format 0_0 with CRC scrambled by TC-RNTI was agreed to indicate the number of repetitions. Similarly, the repetition number can be also be indicated together with TDRA. Then the introduced new TDRA table including the repetition factors can be used for both initial transmission and re-transmission of Msg3 repetition. Uniform mechanism on repetition number indication can be defined for both Msg3 PUSCH initial transmission and Msg3 PUSCH re-transmission, which requires less standard efforts. If TDRA based method is not used to indicate initial transmission of Msg3 repetition, the Msg3 repetition number indication for Msg3 PUSCH initial transmission and re-transmission will not share the same mechanism. It is not preferred for us, since more standard complexity can be foreseen.  
For repetition indication of Msg3 re-transmission, it is proposed to select the following option of the two options agreed in RAN1#104bis-e meeting. It is also a majority view during discussion in RAN1#105-e [2].
· Use the same mechanism as supported for Msg3 initial transmission.

Proposal 3: Same mechanism on Msg3 PUSCH repetition number indication is used for Msg3 PUSCH initial transmission and re-transmission.

Proposal 4: TDRA field in DCI format 0_0 with CRC scrambled by TC-RNTI is used to indicate the number of repetitions for Msg3 PUSCH re-transmission. 
Another issue is how a UE should interpret the selected information field for indication of the number of repetitions. Two options were agreed for down-selection in this meeting. 

For option 1, if a UE requests Msg3 repetition, the new TDRA table or repurposed information field is applied. Repetition factor K=1 is included in the TDRA table or one entry/codepoint of the repurposed information field.  gNB can schedule Msg3 with or without repetition for the UE requesting Msg3 repetition using the new TDRA table or repurposed information field. As agreed in last meeting, repetition factor K = {2, 4} are also supported for Msg3 PUSCH repetition. It is FFS whether to support other values, e.g., 8. There are about 4 repetition factors supported, which requires 2 bits information field. If new TDRA table is applied, maybe no additional information field are needed. It is also possible that additional information bits for repetition factor indication are defined in SIB, e.g. PUSCH-ConfigCommon. Besides the definition of the selected information field for indication of the number of repetitions, option 1 has no further standard impacts when repetition factor K=1 is included. 
For option 2, repetition factor K=1 is not included in the TDRA table or one entry/codepoint of the repurposed information field. When a UE requests Msg3 repetition, whether the UE should apply the new or the legacy TDRA table, or apply repurposed or legacy interpretation of the information field, is indicated by gNB. If explicit indication is applied, additional bit should be defined. It brings more overhead and standard complexity, compared to option 1. For implicit or predefined indication, it is not clear whether it has any advantages on the overhead and complexity.
As discussed above, in our view, option 1 is preferred. We propose that:

Proposal 5: Repetition factor K=1 is included in the new TDRA table. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition through repetition factor indication in TDRA. 

2.2. Determination of available slots for Msg3 repetition
In RAN1#106b-e meeting, it was agreed that Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot. The Rel-15/16 Msg3 PUSCH collision handling rules include the canceling case for downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated. However, tdd-UL-DL-ConfigurationDedicated is transparent to idle/inactive mode UEs. It is FFS whether collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated is an exceptional case.
If the new collision handling rules excludes the case of downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated, for Rel-17 UEs, Msg3 PUSCH can still be transmitted on the flexible symbols changed to downlink symbols by tdd-UL-DL-ConfigurationDedicated. gNB should avoid scheduling downlink transmission in these symbols for legacy UEs if Msg3 PUSCH repetition is scheduled in these symbols. 
If Rel-15/16 Msg3 PUSCH collision handling rules are entirely reused without exceptional case, gNB should carefully configure the flexible symbols by tdd-UL-DL-ConfigurationCommon to avoid the ambiguity. Otherwise, gNB should handle this case by implementation.
No matter whether exceptional case is defined for collision handling rules, it is up to gNB implementation to avoid the ambiguity and collision by implementation. Therefore, the new collision handling rules may not be necessary for the collision handling. We prefer to reuse the Rel-15/16 Msg3 PUSCH collision handling rules without exceptional case.
Proposal 6: The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot without exceptional case.
2.3. Support of enhancements for PUSCH in RRC_CONNECTED state
Joint channel estimation over multiple PUSCH transmission can improve the performance of PUSCH reception. If joint channel estimation is supported over multiple Msg3 PUSCH transmission, the conditions should be investigated besides power consistency and phase continuity. 

Also, progress made in AI 8.8.1.3 can be considered and followed for the support of Msg3 repetition transmission. 
Proposal 7: Joint channel estimation over multiple Msg3 PUSCH transmission is supported for Msg3 repetition transmission. 
3. Conclusions
In this contribution, type A PUSCH repetitions for Msg3 is discussed. The following are proposed.

Proposal 1: TDRA information field is selected for the repetition number indication of Msg3 initial transmission.

Proposal 2: Candidate repetition factor set for TDRA based repetition number indication can be configured in SIB1. 
 Proposal 3: Same mechanism on Msg3 PUSCH repetition number indication is used for Msg3 PUSCH initial transmission and re-transmission.

Proposal 4: TDRA field in DCI format 0_0 with CRC scrambled by TC-RNTI is used to indicate the number of repetitions for Msg3 PUSCH re-transmission. 
Proposal 5: Repetition factor K=1 is included in the new TDRA table. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition through repetition factor indication in TDRA. 

Proposal 6: The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot without exceptional case.
Proposal 7: Joint channel estimation over multiple Msg3 PUSCH transmission is supported for Msg3 repetition transmission. 
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