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1 Introduction
In RAN1#107-e meeting, the following agreements on Type A PUSCH repetition for Msg3 were achieved.
	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
Decision: As per email decision posted on Nov 20th,

Agreement
Reuse legacy collision handling rule between Msg3 PUSCH transmission and downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated.

· Note: there is no specification impact.

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, several aspects related to the support of Type A PUSCH repetitions for Msg3 are to be discussed, including candidate values for number of repetitions, MCS index determination for Msg.3 re-transmission, available slots determination, the configuration of the maximum number of preamble transmissions, and support the use of QAM64-LowSE MCS. 
2 Discussion
2.1 Candidate values for number of repetitions 

According to the evaluation results as shown in TR38.830 [1], the performance gap of msg3 based on MPL from deployment target is -1.9dB in rural 4GHZ scenario with ISD =1732m, which is almost the worst coverage scenario in FR1. According to Redcap WID [2], msg3 coverage enhancement solutions specified in CE WI should also be available to Redcap UEs with 3 dB antenna efficiency loss, so the coverage enhancement target is about 5 dB in FR1. According to TR 38.830 [1], about 2dB gain can be obtained when the number of repetitions is doubled in FR1, i.e., 8 repetitions is enough for msg3 coverage enhancement in FR1.
However, more repetitions is needed when operating in FR2. According to TR38.830 [1], the performance gap from the deployment target is about 20dB for normal UEs in the worst coverage scenario. Even if the number of repetitions of PUSCH repetition type A, such as 16 repetitions, is used, the coverage target cannot be achieved. Repetition transmission combining with other methods, such as QAM64-LowSE MCS table should be applied in FR2.
In order to reduce standard efforts, the maximum number of repetitions in FR1 and FR2 should be the same, and candidate values of number of repetitions for type A PUSCH repetition in release 16 can be adopted for Msg.3 repetitions. In this way, “1” is included in the set of candidate values, and the 2 MSB of MCS field can be deemed as the indication field of number of repetitions by UEs with msg.3 repetition request. Besides, if “1” is exactly configured in SIB1 by the gNB, the UE with msg.3 repetitions request can be scheduled with or without msg.3 repetitions; while, if “1” is not configured in SIB1, the UE with msg.3 repetition request can only be scheduled with msg.3 repetitions by gNB.   
Proposal 1: For msg.3 repetition, reuse candidate values for the number of repetitions of type A PUSCH repetition in Rel-16.

Proposal 2: For the UE with msg.3 repetition request, the 2 MSB of MCS field can always be deemed as the indication field of number of repetitions for Msg.3 PUSCH (re)-transmission. 

2.2 MCS index determination for Msg.3 re-transmission
According simulation results provided by other companies as summarized in [3], a higher MCS level with limited RBs could provide better performance gain than a limited MCS level with more RBs when msg.3 is transmitted with repetitions. And, for some scenarios such as small data transmissions, a higher MCS level may be needed. Therefore, a set of 4 MCS indexes can be configured relatively flexibly in SIB1 for initial transmission. And one or more higher MCS level may be existed in this set, which may achieve better performance just as mentioned above. While, for re-transmission, there are 3 bits left in the MCS field, which can associate with the first 8 rows in the MCS table, as illustrated in the Table 1. The spectral efficiency of MCS 7 is about twice of MCS 3, which may be sufficient and a higher MCS level isn’t essential for Msg.3 re-transmission. In addition, considering the limited signalling overhead, it is unreasonable to configure 8 candidate MCS indexes in SIB1 for Msg.3 re-transmission with repetitions.
Table 1 64QAM MCS table 
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Proposal 3: For msg.3 re-transmission, don’t support configuring 8 candidate MCS indexes in SIB1.
2.3 Available slot determination

To reduce the latency of RACH procedure, flexible symbols determined by TDD-UL-DL-ConfigurationCommon should be utilized. While, considering that some of these flexible symbols may be further indicated as DL symbols for other UEs by dedicated signalling, there will be DL and UL transmission collisions between different UEs at gNB side. So, additional explicit indication signalling is needed to further indicate whether flexible slots indicated via TDD-UL-DL-Configurationcommon are available for msg.3 repetitions. During the previous meeting discussion, there are three options proposed for the detailed signalling design.
	Option 1: Introduce 1 bit RRC parameter in SIB1. 
· If the parameter is provided, flexible symbol indicated via TDD-UL-DL-Configcommon is available for Msg3 repetition; otherwise, they are not available.
Option 2: Introduce InvalidSymbolPattern in SIB1. 
· The signaling design of InvalidSymbolPattern is the same as Rel-16.
Option 3: Introduce a bitmap indication in PDCCH with RA-RNTI
· Each bit of the bitmap corresponds to one slot configured with flexible symbols, and indicate whether the associated slot is available or not. 
· FFS how many bits of the bitmap and the detailed association of the bitmap. 


For option 1, it’s not helpful to handling the collision between downlink and uplink transmission when flexible symbols are indicated as available for msg.3 repetition. Besides, the flexibility of gNB scheduling will be restricted to ensure flexible symbol can be well utilized. For option 3, the dynamic signalling can provide more accurate information. But, the additional dynamic signalling overhead can’t be ignored, and the standard workloads will be increased if a new bitmap is introduced. Generally speaking, option 2 following the same design as PUSCH repetition type B in Rel-16 seems more feasible.

Proposal 4: Adopt additional explicit signalling to further indicate the exact available flexible symbols for Msg.3 repetition.

· Introduce Invalidsymbolpattern in SIB1
2.4 Configuration of the maximum number of preamble transmissions 
In the common design of RACH indication and partitioning discussed in RAN2, the following agreement was achieved.

	As a general rule, all RACH retransmissions (if any are needed, until RACH failure happens) shall be performed over the same RACH resources (and same carrier – NUL/SUL) as the one selected for initial RACH resource.  However, we can discuss fallback on a case by case basis if there is a strong motivation and discuss them together in this AI.


According to the mechanism mentioned above, when a CE UE initiates RACH procedure without msg.3 repetitions request, all the PRACH re-transmissions will be initiated without msg.3 repetitions request until the maximum number of preamble transmissions is reached. During this RACH procedure, msg.3 repetition can’t be enabled timely when the coverage level is changed, which will cause too much RACH delay and the UE may not be able to access this serving cell. So, just as the similar mechanism for 2-step RACH in Rel-16, which the 2-step RACH procedure can be converted into 4-step RACH when 2-step RACH failure happens (i.e., the maximum number of Msg.A retransmissions is reached), the 4-step RACH without msg.3 repetition request can also be converted into 4-step RACH procedure with msg.3 repetition request for CE UEs when the maximum number of preamble transmissions is reached. 
Besides, in order to achieve fast switching, the maximum number of preamble transmissions can be separately configured for CE UEs and legacy UEs for the normal 4-step RACH procedure (without msg.3 repetition request), and the maximum number of preamble transmissions for CE UEs can be less than the one for legacy UEs. While, in order to perform more RACH attempts, the maximum number of PRACH transmissions for 4-step RACH with msg.3 repetition request, can reuse the legacy UE’s.  
Proposal 5: Convert 4-step RACH without msg.3 repetition request into 4-step RACH with msg.3 repetition request for CE UEs when the failure of 4-step RACH without msg.3 repetition request happens.
Proposal 6: Support separate maximum number of preamble transmissions configuration for CE UEs (without msg.3 repetition request) and legacy UEs.
2.5 Support of QAM64-LowSE MCS
QAM64-LowSE MCS table provides lower coding rate, which is benefit for Msg.3 coverage enhancement with lower required SNR. So, QAM64-LowSE MCS table can be used for Msg.3 transmission in bad coverage. However, since lower coding date means more RBs are needed for Msg.3 transmission, in order to avoid the wasting resources, the original 64QAM MCS table used for msg3 transmission in Rel-16 should be reused for UEs in good coverage.

Proposal 7: Support the use of QAM64-LowSE MCS table for Msg.3 transmission with repetitions.
3 Conclusion
In this contribution, we discuss the mechanisms to support Type A PUSCH repetitions for Msg3. Based on the discussion, our views are summarized as follows.
Proposal 1: For msg.3 repetition, reuse candidate values for the number of repetitions of type A PUSCH repetition in Rel-16.

Proposal 2: For the UE with msg.3 repetition request, the 2 MSB of MCS field can always be deemed as the indication field of number of repetitions for Msg.3 PUSCH (re)-transmission. 

Proposal 3: For msg.3 re-transmission, don’t support configuring 8 candidate MCS indexes in SIB1.
Proposal 4: Adopt additional explicit signalling to further indicate the exact available flexible symbols for Msg.3 repetition.

· Introduce Invalidsymbolpattern in SIB1
Proposal 5: Convert 4-step RACH without msg.3 repetition request into 4-step RACH with msg.3 repetition request for CE UEs when the failure of 4-step RACH without msg.3 repetition request happens.
Proposal 6: Support separate maximum number of preamble transmissions configuration for CE UEs (without msg.3 repetition request) and legacy UEs.
Proposal 7: Support the use of QAM64-LowSE MCS table for Msg.3 transmission with repetitions.
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