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In RAN1#106bis-e meeting, type A PUSCH repetitions for Msg3 was extensively discussed. A set of agreements on some detailed aspects which need detailed design or down selection were achieved [1]. In addition, several proposals with no consensus during email discussion were left for further study in this meeting [2].
In this contribution, we provide our views on the remaining issues for Msg3 PUSCH enhancement.
Discussion
Early identification of coverage enhancement UE
	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.



It is critical to identify coverage enhancement UE before it transmits Msg3 PUSCH [3]. In RAN1#105-e meeting, it was agreed that  at least separate preamble with shared RO configured by the same PRACH configuration index with legacy UE is supported to request Msg3 PUSCH repetition for a coverage enhancement UE. The remaining issue is whether or not to additionally support using separate RO for requesting Msg3 PUSCH repetition. In Rel-17, RACH partitioning will be a serious problem since it will be required by many features, e.g. RedCap, CE, SDT, and RAN slicing. RAN2 had a joint discussion to address the issue, aiming at a unified solution for all related topics in the previous meeting [4]. To provide more flexibility to the gNB, separate ROs should be allowed for early identification for requesting Msg3 repetition. A unified solution for Rel-17 RACH partitioning is preferred and should be up to RAN2 discussion.
Proposal 1: For requesting Msg3 PUSCH repetition, using separate ROs configured by a separate PRACH configuration index from legacy UEs should be supported. The details are up to RAN2.
Repetition indication for initial Msg3 PUSCH transmission and Msg3 PUSCH re-transmission
In RAN1#106bis-e meeting, the mechanism of indicating repetition number of Msg3 PUSCH was heatedly discussed and the following working assumption was achieved.
	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.



To enable Msg3 repetition, the most direct way is to additionally configure a column of repetition factor for the TDRA table via SIB1, which would not lead to large SIB1 overhead. Compared to other fields, TDRA based indication has least flexibility sacrifice, which is already applied in Rel-16 PUSCH repetition number indication. It is not desirable to introduce a new crossing-function in another DCI field, which also makes the specification less readable. Accordingly, there is less standard impact if TDRA field is chosen to indicate the number of repetition of Msg3 initial transmission. Hence, we prefer to use TDRA field to indicate the repetition factor.
Proposal 2: TDRA information field should be used to indicate the number of repetitions of Msg3 initial transmission.
Then, regarding to the issue on whether repetition factor K=1 should be included in the candidate values or not, it was agreed to down select one of the following two options in RAN1#106-e meeting:
	Agreement 
Down-select one of the two options on how a UE should interpret the selected information field for indication of the number of repetitions.
· Option 1:
· When a UE requests Msg3 repetition, the new TDRA table or repurposed information field is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
· Repetition factor K=1 is included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy TDRA table or legacy information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.
· Option 2:
· When a UE requests Msg3 repetition, gNB schedules Msg3 with or without repetition by respectively using the new TDRA table or legacy TDRA table; or gNB schedules Msg3 with or without repetition by respectively using repurposed information field or legacy interpretation of information field. 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. 
· FFS details, e.g. implicit or explicit indication or predefined.
· Repetition factor K=1 is NOT included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn't request Msg3 repetition (including legacy UE), gNB schedules Msg3 without repetition. The UE applies the legacy TDRA table, or the legacy interpretation of the information field.



For option 1, it will introduce significant scheduling restriction. The TDRA table selection is always up to UE request, which is too restricted. When a UE requests Msg3 repetition, gNB may still want to schedule Msg3 without repetition after comprehensive consideration, e.g. when the DL/UL reciprocity condition does not hold, or the UL traffic is too busy. Repetition factor K=1 will be configured in part of entries in the new TDRA table in case of gNB schedules Msg3 without repetition. Then, the SLIV can be used for Msg3 PUSCH transmission is limited for both cases, i.e. when gNB schedules Msg3 with or without repetition.
For option 2, one bit can be used to indicate whether gNB schedules Msg3 with repetition. When gNB schedules Msg3 without repetition no matter whether a UE requests Msg3 repetition or not, gNB can select one entry from the legacy TDRA table. Instead, if gNB schedules Msg3 with repetition, TDRA filed in UL grant is used to indicate the time domain resource allocation and repetition number simultaneously. In this case, repetition factor K=1 does not need to be configured for Msg3 repetition. As CSI request bit field is reserved which is useless for legacy UE, it can be used to explicitly indicate whether gNB schedules Msg3 with repetition with full forward compatibility. 
Proposal 3: For interpretation of the selected information field for repetition, Option 2 is supported, and CSI request bit field is used as an explicit indication of whether gNB schedules Msg3 with repetition.
In addition, if TDRA based indication is applicable, it is better to use a unified solution for repetition indication of Msg3 re-transmission. There is no need to increase the standard complexity by adopting different methods for Msg3 initial transmission and re-transmission but just to achieve the same purpose.
Proposal 4: For repetition indication of Msg3 re-transmission, use the same mechanism as supported for Msg3 initial transmission if TDRA based indication is applicable.
Counting on the basis of available slots for Msg3 repetition
In order to guarantee the performance of Msg3 PUSCH transmission, it was agreed that the number of repetitions is counted on the basis of available slots [5]. The remaining issue on the definition of available slot for Msg3 PUSCH repetition is whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon. There are three alternatives are proposed in RAN1#106bis-e meeting:
	Alt 1: Additional explicit indication is introduced to indicate whether flexible slots/symbols configured via TDD-UL-DL-ConfigurationCommon are available for Msg3 repetition.
Alt 2: The actual transmission of Msg3 PUSCH repetition in an available slot cannot be canceled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated.
Alt 3: No need additional indication and legacy dropping rules are applied in case of collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated.



In addition, an agreement on Msg3 PUSCH collision handling was achieved in RAN1#106bis-e meeting:
	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 canceled 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)



Generally, we think the utilization of flexible symbols for Msg3 PUSCH repetition can be up to gNB scheduling. No specification effort is needed. The gNB can ensure no other downlink transmissions would be scheduled on the flexible slots/symbols configured via tdd-UL-DL-ConfigurationCommon overlapping with Msg3 PUSCH repetition. For example, the gNB can avoid scheduling DL to the UEs in RRC_CONNECTED mode on the flexible symbols when Msg3 repetition is performed by another UE. Hence, we propose not to introduce additional indication on the availability of flexible symbols for Msg3 repetition. 
Proposal 5: For Msg3 repetition, additional indication on the availability of flexible symbols is not introduced.
Regarding to the potential collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated, we think it is no need to consider. For a UE in RRC_IDLE state, since the UE has not been configured with tdd-UL-DL- ConfigurationDedicated, gNB can only schedule Msg3 PUSCH on available symbols indicated by tdd-UL-DL-ConfigurationCommon. On the other hand, for a UE in RRC_CONNECTED state, it may transmit Msg3 in the case when CBRA is performed. Although the UE may be configured with tdd-UL-DL- ConfigurationDedicated, the gNB cannot distinguish whether the UE performing CBRA is a UE in RRC_IDLE or RRC_CONNECTED state. Hence, conservative scheduling is preferred, i.e. the gNB can only assume that  Msg3 PUSCH repetition will be transmitted on available symbols determined by tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst only. Then, reusing the Rel-15/16 Msg3 PUSCH collision handling rules is enough.
Proposal 6: For Msg3 repetition, no need to consider any potential collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated.
In addition, once the available slot is determined, the RV cycling for Msg3 should be based on transmission occasions on available slot. This is already supported in AI 8.8.1.1, i.e. Rel-17 PUSCH repetition type A enhancement [1], which can be directly applied to Msg3.
Proposal 7: RV cycling for Msg3 should be based on transmission occasions on available slot.
Conclusion
This contribution discussed the mechanisms of enhancements for Msg3 PUSCH. We have the following proposals:
Proposal 1: For requesting Msg3 PUSCH repetition, using separate ROs configured by a separate PRACH configuration index from legacy UEs should be supported. The details are up to RAN2.
Proposal 2: TDRA information field should be used to indicate the number of repetitions of Msg3 initial transmission.
Proposal 3: For interpretation of the selected information field for repetition, Option 2 is supported, and CSI request bit field is used as an explicit indication of whether gNB schedules Msg3 with repetition.
Proposal 4: For repetition indication of Msg3 re-transmission, use the same mechanism as supported for Msg3 initial transmission if TDRA based indication is applicable.
Proposal 5: For Msg3 repetition, additional indication on the availability of flexible symbols is not introduced.
Proposal 6: For Msg3 repetition, no need to consider any potential collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated.
Proposal 7: RV cycling for Msg3 should be based on transmission occasions on available slot.
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