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Introduction
In this contribution, we shall discuss the remaining issues of Type-A PUSCH repetition for Msg3. 

[bookmark: _Ref61437338][bookmark: _Ref47421117][bookmark: _Hlk23927392]Msg3 PUSCH Repetition Request by UE
[bookmark: _Hlk83892293]RAN1 105e and 106e made the following agreements on UE request for Msg3 PUSCH repetition:
	Agreement:
· 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 
The separate preambles for requesting Msg3 repetition could be configured only in an RO configured with 4-step RACH preambles not for requesting Msg3 repetition.




The use of a separate RO for repetition request was also discussed in the past RAN1 meetings. If a separate RO for repetition request is introduced, RAN1 should discuss whether this separate RO can also be used for new procedures in R17 (e.g., RedCap identification in Msg1).
Proposal 1: If the Msg3 PUSCH repetition request is indicated by a separate RO, RAN1 should discuss whether this RO can be shared for Redcap UE to send identification via PRACH or not.
[bookmark: _Hlk83892378]For supporting UE request for Msg3 repetition, some triggering condition should be defined. RAN1#105e made the following agreements:
	Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.
· FFS the determination of the RSRP threshold.



It is important to enable gNB to have some control over the average number of repetition requests from the UEs (by configuring the triggering condition). In particular, the conditions can be based on SS-RSRP and/or UE power class since there can be various types of Tx power at the device. For example, in NTN, CPE/VSAT devices will have Tx power of 31dBm while handheld devices have Tx power of 23dBm.
Proposal 2: The RSRP threshold depends on SS-RSRP and/or UE power class.

Configuring Msg3 Repetition Number Set 
The number of Msg3 repetitions is indicated in UL grant scheduling Msg3 for initial transmission and in DCI format 0_0 with CRC scrambled by TC-RNTI for retransmission. The indication is via reinterpreting the existing fields in the corresponding grant. In RAN1 106bis-e and 107e, we had the following agreements about interpretation of the corresponding bitfield for indication of number of Msg3 repetitions:
	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
· 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




[bookmark: _Hlk83892847][bookmark: _Hlk92708152]A remaining question is how the set of four repetition numbers should be configured by SIB1. Configuring the four repetition numbers independently might be the most straight forward way to do it, but it is not efficient. Configuring the four repetition numbers independently needs 12-16 bits to the SIB1 payload which is excessive and can hurt the coverage of RMSI (which can be a problem, especially for coverage-limited UEs). One way to avoid this situation could be using OSI for configuring the repetition number set, however the agreement precludes that option. We think selection among a few options for the repetition number set by 2 bits in RMSI is enough to provide the needed flexibility without excessive addition to the RMSI payload. Example of the four options: 
[bookmark: _Hlk92779770][bookmark: _Hlk61874198]Proposal 3: Msg3 repetition number set should be selected by 2 bits in RMSI (indicating one among four options of the repetition number set, defined in the standard specification)
Example of the four options (for repetition number set) can be the following: {1,2,3,4}, {1,2,4,8}, {1,4,8,16}, {1,2,4,16}.
About the number of repetitions, we had the following agreement in RAN1#106e:
	Agreement 
· [bookmark: _Hlk83892874]Support at least repetition factor K = {2, 4} for Msg3 PUSCH repetition. 
·  FFS whether to support other values, e.g., 8. 
· Note: K=1 is supported and how to support K=1 is FFS.  



In our viewpoint, larger number of repetitions (e.g. 8 and 16) should be also supported, because they can be useful in use cases that need more coverage enhancement, such as non-terrestrial networks and rural scenarios.
[bookmark: _Hlk83986329][bookmark: _Hlk83892768] Proposal 4: Support repetition factor K = 8 and 16 for Msg3 PUSCH repetition.
· FFS other values

Spatial Domain Transmission Relation
In NR, the spatial domain transmission filter for Msg3 PUSCH transmission may be the same or different from the filter for PRACH transmission in the initial transmission. Furthermore, for retransmission, the UE assumes to use the same filter for PUSCH retransmission as the one used to receive PDCCH carrying DCI format 0_0 with CRC scrambled by TC-RNTI. Now the question is whether all repetition occasions within a particular transmission (initial or retransmission) should use the same spatial domain transmission filter or not. Having the same spatial filters across repetitions within a transmission may simplify the gNB implementation. On the other hand, having different spatial filters across repetitions within a transmission may provide the gNB opportunities to perform beam refinement which may improve Msg4 performance.  
Proposal 5: Consider one of the following options on spatial domain transmission relation for Msg3 PUSCH transmission:
· Option 1: The UE transmits the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the same spatial domain transmission relation.
· Option 2: The UE may transmit the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the different spatial domain transmission relations.

Joint Chanel Estimation for Msg3 PUSCH Repetitions
Joint channel estimation for Msg3 PUSCH repetitions requires the UE to maintain phase continuity across PUSCH repetitions. Such phase continuity maintenance depends heavily on UE capability.
Proposal 6: If JCE is supported for Msg3 PUSCH repetitions with subject to power consistency and phase continuity requirements, only back-to-back PUSCH transmission is supported and the UE indicates its capability of supporting JCE during RACH procedure. 
For joint channel estimation, it is important that UE maintains phase continuity. However, maintaining phase continuity may become impossible for the UE if UE needs to perform DL reception between two Msg3 PUSCH repetitions. Therefore, it is useful to avoid unnecessary DL reception in the middle of Msg3 repetitions. Monitoring for Msg2 PDCCH, when UE has received RAR (including UL grant) and has not finished transmission of Msg3 yet, is not necessary.
Proposal 7: UE is not expected to monitor Msg2 PDCCH between the repetitions of Msg3. 
[bookmark: _Hlk71613768]Whether UE maintains phase continuity or gNB estimates phase jumps across different Msg3 repetitions, it is important for joint channel estimation that UE does not switch UL transmit beam in the case that gNB wants to perform joint channel estimation.
Proposal 8: gNB should be able to expect no UL beam switching among repetitions of Msg3.
· FFS whether it is configured via SIB1
· FFS whether no UL beam switching should be expected for all Msg3 repetitions or only for the case of no frequency hopping or among the repetitions of the same bundle.
For joint channel estimation, in many cases it is important for gNB to be able to estimate phase jumps across repetitions and compensate them (when phase continuity is not perfect). Inclusion of PTRS can help gNB to achieve this. Also, in case of no capability signaling in PRACH for UE capability of phase continuity, PTRS presence is useful for the gNB to detect even the presence of phase continuity or estimate its quality (to decide whether it can apply DMRS bundling or not).
Proposal 9: Support transmission of PTRS inside Msg3 repetitions
· FFS whether the presence of PTRS for Msg3 repetitions and its parameters is configured by SIB1
· FFS whether it is applicable only for FR2 or also for FR1.

Conclusion 
This contribution discusses our views on PUSCH repetitions for Msg3. In particular, we have made the following proposals:
Proposal 1: If the Msg3 PUSCH repetition request is indicated by a separate RO, RAN1 should discuss whether this RO can be shared for Redcap UE to send identification via PRACH or not.
Proposal 2: The RSRP threshold depends on SS-RSRP and/or UE power class.
Proposal 3: Msg3 repetition number set should be selected by 2 bits in RMSI (indicating one among four options of the repetition number set, defined in the standard specification).
Proposal 4: Support repetition factor K = 8 and 16 for Msg3 PUSCH repetition.
· FFS other values
Proposal 5: Consider one of the following options on spatial domain transmission relation for Msg3 PUSCH transmission:
· Option 1: The UE transmits the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the same spatial domain transmission relation.
· Option 2: The UE may transmit the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the different spatial domain transmission relations.
Proposal 6: If JCE is supported for Msg3 PUSCH repetitions with subject to power consistency and phase continuity requirements, only back-to-back PUSCH transmission is supported and the UE indicates its capability of supporting JCE during RACH procedure. 
Proposal 7: UE is not expected to monitor Msg2 PDCCH between the repetitions of Msg3. 
Proposal 8: gNB should be able to expect no UL beam switching among repetitions of Msg3.
· FFS whether it is configured via SIB1
· FFS whether no UL beam switching should be expected for all Msg3 repetitions or only for the case of no frequency hopping or among the repetitions of the same bundle.
Proposal 9: Support transmission of PTRS inside Msg3 repetitions
· FFS whether the presence of PTRS for Msg3 repetitions and its parameters is configured by SIB1
· FFS whether it is applicable only for FR2 or also for FR1.
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