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1. Introduction
A new R18 WI on further NR coverage enhancements was approved in RAN#94 and updated in RAN#96. Based on the WID[1], RAN1 and RAN2 need to specify PRACH coverage enhancements.
	The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.


In this contribution, we discuss RAN2 impacts on PRACH coverage enhancements and provide our considerations.
2. Discussion
2.1 Background 
In WID, for PRACH enhancements, multiple PRACH transmissions with same beams and different beams are both mentioned. However, in RAN1, companies are now focusing on the same Tx beam case, for different Tx beam case, it is still under study. 
From RAN2 perspective, RAN2 can start the work regarding PRACH transmission with same Tx beam case, and wait for RAN1 for the different Tx beam case.
Observation 1: Multiple PRACH transmissions within one RACH attempt with the same Tx beam is prioritized, and multiple PRACH transmissions with different Tx beam can be considered if the support is confirmed in RAN1.
Regarding the general RO selection for PRACH repetition, the following conclusion is made in RAN1.
	RAN1#112 agreements
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).


Observation 2: Multiple PRACH transmissions within one RACH attempt are only transmitted over ROs associated with the same SSB/CSI-RS.
In this paper, multiple PRACH transmissions is called as Msg1 repetition, similar to Msg3 repetition. 
[bookmark: OLE_LINK119]2.2 Applicable scenarios
· CBRA & CFRA
[bookmark: OLE_LINK15]Since there are various types of RA, we should clarify which CBRA and CFRA can support Msg1 repetition.
For CBRA, there are the following cases:
- 	Initial access from RRC_IDLE;
- 	RRC Connection Re-establishment procedure;
- 	DL or UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when UL synchronisation status is "non-synchronised";
- 	UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when there are no PUCCH resources for SR available;
- 	SR failure;
- 	Request by RRC upon synchronous reconfiguration (using CBRA resources);
- 	RRC Connection Resume procedure from RRC_INACTIVE;
-	Request for Other SI (using CBRA resources);
- 	Beam failure recovery (using CBRA resources);
- 	Consistent UL LBT failure on SpCell;
- 	SDT in RRC_INACTIVE;
- 	Positioning purpose during RRC_CONNECTED requiring random access procedure, e.g., when timing advance is needed for UE positioning.
For all cases above, if supporting Msg1 repetition, it can improve the RACH success rate for the UE on the edge of the cell, in addition, these CBRA cases have the same processing procedure, so we think it is beneficial and easy to support Msg1 repetition for all CBRA cases.  
[bookmark: OLE_LINK126][bookmark: OLE_LINK118]Proposal 1: RAN2 confirms Msg1 repetition is applicable to all CBRA cases.
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]Regarding whether to support Msg1 repetition for CFRA, there was no agreement in RAN1 as far as the last meeting. We can discuss whether to support Msg1 repetition for CFRA from RAN2 perspective. 
For CFRA, there are the following cases:
[bookmark: OLE_LINK120]- 	SI request using CFRA resources;
-	Beam failure recovery;
[bookmark: OLE_LINK121]-	Request by RRC upon synchronous reconfiguration;
- 	PDCCH order.
[bookmark: OLE_LINK212]For CFRA based SI request, if no SS-RSRP of SSB is above rsrp-ThresholdSSB, the UE shall select any SSB, which is the same as initial access. If the UE locates on the edge of the cell, Msg1 repetition is effective to improve the RACH success rate, so we think Msg1 repetition for SI request can be considered.   
[bookmark: OLE_LINK214][bookmark: OLE_LINK213][bookmark: OLE_LINK123][bookmark: OLE_LINK122][bookmark: OLE_LINK127]When BFR, synchronous reconfiguration, or PDCCH order occurs, the UE is in RRC_CONNECTED state and the condition of wireless environment may be bad, so Msg1 repetition is useful to improve the access success rate. PUCCH/PUSCH/PDCCH/PDSCH enhancements have been considered in spec, so we think it is reasonable to enhance PRACH for a connected-state UE to ensure the continuity of traffic. In addition, there is no extra complexity for a UE to support Msg1 repetition in CFRA, if the UE already supports Msg1  repetition in CBRA. 
Companies may argue that Msg3/PUSCH repetition is not supported for CFRA, however, for Msg3 repetition, if the network wants, the network can enhance the PUSCH transmission by scheduling multiple UL grants after RAR. But for Msg1 repetition, there is no solution if the network wants to trigger CFRA but also ensure higher RACH success rate (e.g. for handover).
Observation 3: Msg1 repetition is effective to improve the RACH success rate for all CFRA cases.
Proposal 2: Msg1 repetition for CFRA should be supported.
· NUL & SUL
Similar to Msg3 repetition, no matter of NUL or SUL, Msg1 repetition is beneficial to improve the RACH success rate for cell edge UEs, so in our view, the specification should support the network to configure Msg1 repetition on NUL or SUL or both, and it is up to network implementation.
[bookmark: OLE_LINK138]Proposal 3: Msg1 repetition is applicable to both NUL and SUL.
2.3 RACH configuration
· RACH configuration framework
Based on the following RAN1 Working Assumption in RAN1#112, two options should be considered for RA resource configurations used for Msg1 repetition.
Option 1: Separate ROs are configured used for Msg1 repetition. 
Option 2: Separate preambles on shared ROs are configured used for Msg1 repetition. 
	RAN1#112 
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· [bookmark: OLE_LINK5]FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.


Although there are two FFS points listed in RAN1 WAs, considering the signalling design should be discussed and determined by RAN2, we suggest RAN2 to discuss the signalling based on RAN1 requirements, no need to wait for RAN1 on this aspect. 
From RAN2 perspective, similar to Msg3 repetition, in order to fulfill the above requirements, Msg1 repetition can be treated as a new feature, and the current R17 configuration framework of RACH partition can be reused. 
Separate ROs can be configured via the legacy field AdditionalRACH-ConfigList-r17. Separate preambles on shared ROs can be configured via the legacy fields startPreambleForThisPartition-r17 and numberOfPreamblesPerSSB-ForThisPartition-r17.
Proposal 4: Reuse R17 RACH partition framework for configuring RACH resources for Msg1 repetition (including separate ROs and separate preambles on shared ROs). Msg1 repetition is treated as a new feature in RACH partition.
· RACH resources for different repetition numbers
[bookmark: OLE_LINK9][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Furthermore, based on the following RAN1 agreements in RAN1#112, repetition number {2, 4, 8} can be supported for Msg1 repetition, and RA resources differentiation should be considered for Msg1 repetition with different repetition numbers. 
	RAN1#112 agreements
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· [bookmark: OLE_LINK10]If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details


Observation 4: Repetition number {2, 4, 8} are supported for Msg1 repetition.
Different from Msg 3 repetition for which repetition number is indicated in RAR, for Msg1 repetition, the network needs to know the repetition number determined by the UE, so that the network knows which preambles transmitted over ROs can be combined.
[bookmark: OLE_LINK6]According to RAN1 agreement, different RACH resources can be associated with different Msg1 repetition numbers, so the network can identify the repetition number when receiving a preamble from the UE, and perform the related action. 
Observation 5: RACH resources differentiation between different Msg1 repetition number is meaningful to the network.
The RACH resources differentiation between different Msg1 repetition number can be achieved via configuration of separate ROs or separate preambles on shared ROs. Considering the flexibility of configuration, Msg1 repetition with repetition number {2, 4, 8} can be treated as independent feature. A RACH partition can be configured to associated with a specific repetition number, e.g. the network can configure a RACH partition with separate ROs for repetition number 8, and configure another RACH partition with separate preambles on shared ROs for repetition number 4. 
As a reference, the possible ASN.1 change to FeatureCombination is provided in Annex.
Proposal 5: Msg1 repetition with different repetition number {2, 4, 8} are treated as independent features, and a RACH partition is associated with a specific repetition number.
Proposal 6: Network can configure separate ROs or separate preambles on shared ROs for different Msg1 repetition numbers.
· Feature Combination between Msg1 repetition and other features 
[bookmark: OLE_LINK14]RAN2 needs to discuss which features (i.e., legacy features and Msg1 repetition feature) can be configured simultaneously in one RACH partition.
Considering various business application scenarios, various kinds of features can be configured simultaneously (which is up to network implementation), so far, we haven’t identified any combination that should be precluded. For example, in below figure, three feature combinations are configured.
· FeatureCombination 1: RedCap + Msg3 repetition + Msg1 repetition with number 8 
· FeatureCombination 2: SDT + Msg1 repetition with number 2
· FeatureCombination 3: RedCap + SDT + Msg3 repetition + Msg1 repetition with number 4
[image: feature]
[bookmark: OLE_LINK17]Figure 1. An example of feature combination list 
[bookmark: OLE_LINK16]Proposal 7: Various feature combinations can be configured (which is up to network implementation), unless explicitly specified otherwise.
2.4 RSRP threshold for triggering Msg1 repetition 
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Regarding the principle of triggering Msg1 repetition, RAN1 has made the following agreement in  RAN1#111, that is UE can request Msg1 repetition and determine the number of PRACH transmissions based on RSRP threshold(s) . The design of RSRP threshold(s) is up to RAN2. 
	RAN1#111 agreement
For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.


· Issue 1: Whether to configure different RSRP thresholds for different repetition numbers?
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK23]Considering the RACH success rate and the appropriate usage of RACH resources, the reasonable scheme is to define multiple RSRP thresholds and each threshold is associated with a repetition number, e.g. larger repetition number corresponds to lower RSRP threshold. When a Random Access procedure is triggered, if UE’s RSRP of the downlink pathloss reference is lower than the threshold, the corresponding Msg1 repetition number is applied for the current Random Access procedure, the UE with worse RSRP needs more repetition number to ensue the RACH success rate, on the other hand, if the UE not far away from cell center uses higher repetition number, it will waste RACH resources.
Proposal 8: For Msg1 repetition, multiple SSB-RSRP thresholds can be configured, each threshold is associated with a specific Msg1 repetition number. If UE’s RSRP of the downlink pathloss reference is lower than the threshold, the corresponding Msg1 repetition number and RA resources are applied for the current random access procedure.
As we mentioned above, when RA resources associated with multiple repetition numbers are configured, the RSRP threshold configured for larger repetition number will be lower than the RSRP threshold configured for lower repetition number. In this case, when a UE fulfills the RSRP threshold for repetition number 8, it definitely fulfills the RSRP threshold for repetition number 2 and 4. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK26]Thus, when selecting the RA resources set, whether the UE can select RACH pool for repetition number 2 when the UE fulfills the threshold for repetition number 4 or 8? To ensure the RACH success rate, the UE should select the RACH pool for higher repetition number as much as possible when it fulfills a RSRP threshold for a higher repetition number. 
On the other hand, considering the UE needs to consider the applicable of multiple features during RACH partition selection, it is possible when the UE fulfills multiple FeatureCombinations associated both higher and lower repetition number, but the FeatureCombination for lower Msg1 repetition number contains a higher priority feature. In this case, we think the UE should be allowed to select the RACH pool for lower Msg1 repetition number even if it has fulfilled the criterion of higher repetition number. 
Proposal 9: The UE should select the RACH pool for higher repetition number as much as possible when it fulfills multiple RSRP thresholds for different repetition numbers.
Proposal 10: The UE is allowed to select RACH pool for lower repetition number when it fulfills the RSRP threshold for higher repetition number (this happens only if there is other higher priority feature is configured and identified applicable).
· Issue 2: Whether to configure separate RSRP thresholds for NUL and SUL?
[bookmark: OLE_LINK18]Since the NUL carrier and SUL carrier serve different coverage area, the reasonable scheme is to define different Msg1 repetition RSRP thresholds for NUL and SUL. A sample figure is as below. 
[image: RSRP threshold]
Figure 2. RSRP thresholds for Msg1 repetition 
[bookmark: OLE_LINK21]Proposal 11: RSRP thresholds for Msg1 repetition are configured separately for NUL and SUL.
· Issue 3: Configure the RSRP thresholds per-BWP or per-featureCombination?
For the RSRP threshold used for Msg1 repetition selection, the other issue is whether it is per-BWP configured or per-featureCombination configured? Based on current specification, the RSRP threshold for requesting Msg3 repetition is configured per-BWP, so after BWP selection, the UE first evaluates the RSRP threshold and then select RACH resource set accordingly. 
Although per-featureCombination brings more flexibility (e.g. to configure different Msg1 repetition RSRP thresholds for RedCap UEs and non-RedCap UEs), we think the motivation is not so strong. Therefore, for Msg1 repetition, we suggest to adopt the same granularity of configuration.
Proposal 12: The RSRP threshold(s) for triggering Msg1 repetition are configured per-BWP on NUL and SUL.
2.5 RAR window
Based on the following RAN1 agreement in RAN1#112, only one RAR window is supported for RAR monitoring for one RACH attempt for Msg1 repetition.
	RAN1#112 agreement
[bookmark: OLE_LINK11]For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.


But the start position of the RAR window is FFS. RAN2 needs to discuss the spec impact of different start positions when the start position is determined in RAN1. 
Proposal 13: RAN2 to discuss the spec impact of different start positions of the RAR window for Msg1 repetition after the start position is determined in RAN1.
2.6 power ramping
Based on the following RAN1 agreement in RAN1#112, transmission power ramping is not applied within one RACH attempt for Msg1 repetition.
	RAN1#112 agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.


According to the current spec 38.321 as below，the condition of incrementing PREAMBLE_POWER_RAMPING_COUNTER becomes confusing when Msg1 repetition is applied, so it can be modified to capture the RAN1 agreement on preamble transmission power ramping for Msg1 repetition.
	[bookmark: _Toc46490305][bookmark: _Toc124525387][bookmark: _Toc37296179][bookmark: _Toc52752000][bookmark: _Toc52796462]5.1.3 Random Access Preamble transmission
The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if LBT failure indication was not received from lower layers for the last Random Access Preamble transmission; and
1>	if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	select the value of DELTA_PREAMBLE according to clause 7.3;
1>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA;
1>	except for contention-free Random Access Preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
1>instruct the physical layer to transmit the Random Access Preamble using the selected PRACH occasion, corresponding RA-RNTI (if available), PREAMBLE_INDEX, and PREAMBLE_RECEIVED_TARGET_POWER.



Proposal 14: The condition of incrementing PREAMBLE_POWER_RAMPING_COUNTER can be modified to capture the RAN1 agreement on preamble transmission power ramping for Msg1 repetition.
2.7 RA fallback case 
[bookmark: OLE_LINK30]In current specification, considering UE’s movement, upon Msg1 retransmission, the UE can measure SSB to reselect the RACH resources based on measurement results. For Msg1 repetition, RAN2 needs to discuss whether the UE can re-evaluate the RSRP threshold and adjust the repetition number for RACH retransmission.For instance, if the UE’s RSRP degrades, besides power ramping, whether the UE can also increase the number of Msg1 repetitions in follow up RACH attempt. In general, the following fallback cases need to be considered.
· Case 1: Fallback from legacy RA to RA with Msg1 repetition;
· Case 2: Fallback from Msg1 repetition with lower number to Msg1 repetition with higher number;
· Case 3: Fallback from 2-step RA to 4-step RA with Msg1 repetition;
· Case 4: Fallback from CFRA to CBRA with Msg1 repetition.
The motivation of supporting above fallback cases is clear, that the UE is able to trigger Msg1 repetition when UE’s RSRP degrades quickly, this can somehow increase the RACH success rate. Although a new RA procedure can be triggered by upper layers (i.e. RRC or NAS layer), but this will increase the access delay. However, supporting RA fallback also means the UE needs to reselect the RACH partition (RACH resource pool) upon Msg1 retransmission, currently, this is not supported in MAC specification. 
In short, supporting the fallback behavior can be beneficial for network/UE performance, but it requires specification efforts, from RAN2 perspective, we suggest to discuss the fallback cases and make decision in RAN2.
[bookmark: OLE_LINK134][bookmark: _GoBack]Proposal 15: RAN2 to discuss whether to support following fallback cases.
· Case 1: Fallback from legacy RA to Msg1 repetition;
· Case 2: Fallback from Msg1 repetition with lower number to Msg1 repetition with higher number;
· Case 3: Fallback from 2-step RA to 4-step RA with Msg1 repetition;
· Case 4: Fallback from CFRA to CBRA with Msg1 repetition.
2.8 UE capability 
Regarding UE capability for Msg1 repetition, the following issues should be considered.
· Issue1: Whether to introduce UE capability for Msg1 repetition?
[bookmark: OLE_LINK27]Similar to Msg3 repetition, we think reporting UE capability for Msg1 repetition is needed for SON/MDT purpose. The network can monitor the performance of Msg1 repetition and further optimize RACH configurations based on the information of collected UE capabilities. In addition, the UE capability can also be used in configuring the RACH resources in dedicated BWP.
Proposal 16: From RAN2 perspective, UE capability for Msg1 repetition is needed.
· Issue2: Whether to introduce separate UE capabilities for different repetition numbers?
Although RAN1 agree to support multiple Msg1 repetition numbers, from network perspective, we think it is necessary to introduce separate capabilities for different repetition numbers. Otherwise, it will cause market fragmentation and bring complexity to commercial configuration. For example, based on the cell coverage, the network may want to configure a RACH partition for “RedCap +Msg1 repetition 4”, but if some RedCap UEs only support repetition number 2 and some RedCap UEs only support repetition number 4 or 8, then the network will be forced to configure multiple RACH partitions for covering different UE types, e.g. “RedCap + Msg1 repetition 2”, “RedCap +Msg1 repetition 4” and “RedCap + Msg1 repetition 8”. This is complex and waste of RACH resources.
From network perspective, we haven’t seen clear motivation for introducing separate capabilities for different repetition numbers. For simplicity, we suggest to only introduce a single capability, and the presence of the capability indicates the UE supporting Msg1 repetition with repetition numbers {2, 4, 8}.
Proposal 17: From RAN2 perspective, there is no need to define separate UE capabilities for indicating the support of different Msg1 repetition numbers.
· [bookmark: OLE_LINK28]Issue3: The relation between Msg1 repetition capability and Msg3 repetition capability.
Regarding the relation of Msg1 repetition capability and Msg3 repetition capability, there are the following two understandings.
- Understanding 1: Msg1 repetition and msg3 repetition are independent features. A UE supporting Msg1 repetition may not support Msg3 repetition, vice versa.
[bookmark: OLE_LINK237][bookmark: OLE_LINK238][bookmark: OLE_LINK245]- Understanding 2: A UE supporting Msg1 repetition shall also support Msg3 repetition.
Technically, although Msg1 repetition and Msg3 repetition are designed for the same purpose (i.e. UL coverage enhancement), we don’t see the need to bind them together, it will also increase the UE implementation complexity, as the UE needs to pass the test for both functions in order to declare the support of Msg 1 repetition. 
On the other hand, the network should have the flexibility to enable only one function (not both), so we suggest to define independent capabilities for Msg1 repetition and Msg3 repetition.    
Proposal 18: From RAN2 perspective, UE capabilities for Msg1 repetition and Msg3 repetition are defined independently.
3. Conclusion
Based on the above discussion, we propose the following observations and proposals: 
Observation 1: Multiple PRACH transmissions within one RACH attempt with the same Tx beam is prioritized, and multiple PRACH transmissions with different Tx beam can be considered if the support is confirmed in RAN1.
Observation 2: Multiple PRACH transmissions within one RACH attempt are only transmitted over ROs associated with the same SSB/CSI-RS.
Observation 3: Msg1 repetition is effective to improve the RACH success rate for all CFRA cases.
Observation 4: Repetition number {2, 4, 8} are supported for Msg1 repetition.
Observation 5: RACH resources differentiation between different Msg1 repetition number is meaningful to the network.

Proposal 1: RAN2 confirms Msg1 repetition is applicable to all CBRA cases.
Proposal 2: Msg1 repetition for CFRA should be supported.
Proposal 3: Msg1 repetition is applicable to both NUL and SUL.
Proposal 4: Reuse R17 RACH partition framework for configuring RACH resources for Msg1 repetition (including separate ROs and separate preambles on shared ROs). Msg1 repetition is treated as a new feature in RACH partition.
Proposal 5: Msg1 repetition with different repetition number {2, 4, 8} are treated as independent features, and a RACH partition is associated with a specific repetition number.
Proposal 6: Network can configure separate ROs or separate preambles on shared ROs for different Msg1 repetition numbers.
Proposal 7: Various feature combinations can be configured (which is up to network implementation), unless explicitly specified otherwise.
Proposal 8: For Msg1 repetition, multiple SSB-RSRP thresholds can be configured, each threshold is associated with a specific Msg1 repetition number. If UE’s RSRP of the downlink pathloss reference is lower than the threshold, the corresponding Msg1 repetition number and RA resources are applied for the current random access procedure.
Proposal 9: The UE should select the RACH pool for higher repetition number as much as possible when it fulfills multiple RSRP thresholds for different repetition numbers.
Proposal 10: The UE is allowed to select RACH pool for lower repetition number when it fulfills the RSRP threshold for higher repetition number (this happens only if there is other higher priority feature is configured and identified applicable).
Proposal 11: RSRP thresholds for Msg1 repetition are configured separately for NUL and SUL.
Proposal 12: The RSRP threshold(s) for triggering Msg1 repetition are configured per-BWP on NUL and SUL.
Proposal 13: RAN2 to discuss the spec impact of different start positions of the RAR window for Msg1 repetition after the start position is determined in RAN1.
Proposal 14: The condition of incrementing PREAMBLE_POWER_RAMPING_COUNTER can be modified to capture the RAN1 agreement on preamble transmission power ramping for Msg1 repetition.
Proposal 15: RAN2 to discuss whether to support following fallback cases .
· Case 1: Fallback from legacy RA to Msg1 repetition;
· Case 2: Fallback from Msg1 repetition with lower number to Msg1 repetition with higher number;
· Case 3: Fallback from 2-step RA to 4-step RA with Msg1 repetition;
· Case 4: Fallback from CFRA to CBRA with Msg1 repetition.
Proposal 16: From RAN2 perspective, UE capability for Msg1 repetition is needed.
Proposal 17: From RAN2 perspective, there is no need to define separate UE capabilities for indicating the support of different Msg1 repetition numbers.
Proposal 18: From RAN2 perspective, UE capabilities for Msg1 repetition and Msg3 repetition are defined independently.
4. Reference 
[1] RP-221858 Revised WID on Further NR coverage enhancements
[2] TS 38.331-h30, Radio Resource Control (RRC) protocol specification
5. Annex 
Draft TP for configuring Msg1 repetition in RACH partition.

–	FeatureCombination
The IE FeatureCombination indicates a feature or a combination of features to be associated with a set of Random Access resources (i.e. an instance of FeatureCombinationPreambles).
FeatureCombination information element
-- ASN1START
-- TAG-FEATURECOMBINATION-START

FeatureCombination-r17 ::= SEQUENCE {
    redCap-r17                 ENUMERATED {true}                        OPTIONAL,  -- Need R
    smallData-r17              ENUMERATED {true}                        OPTIONAL,  -- Need R
    nsag-r17                   NSAG-List-r17                            OPTIONAL,  -- Need R
    msg3-Repetitions-r17       ENUMERATED {true}                        OPTIONAL,  -- Need R
    msg1-Repetitions-r18spare4       ENUMERATED {true}                        OPTIONAL,  -- Need R
    spare3                     ENUMERATED {true}                        OPTIONAL,  -- Need R
    spare2                     ENUMERATED {true}                        OPTIONAL,  -- Need R
    spare1                     ENUMERATED {true}                        OPTIONAL   -- Need R
}

NSAG-List-r17 ::= SEQUENCE (SIZE (1.. maxSliceInfo-r17)) OF NSAG-ID-r17

-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP

[bookmark: _Toc124713174]–	FeatureCombinationPreambles
The IE FeatureCombinationPreambles associates a set of preambles with a feature combination. For parameters which can be provided in this IE, the UE applies this field value when performing Random Access using a preamble in this featureCombinationPreambles, otherwise the UE applies the corresponding value as determined by applicable Need Code, e.g. Need S. On a specific BWP, there can be at most one set of preambles associated with a given feature combination per RA Type (i.e. 4-step RACH or 2-step RACH).
FeatureCombinationPreambles information element
-- ASN1START
-- TAG-FEATURECOMBINATIONPREAMBLES-START

FeatureCombinationPreambles-r17 ::=   SEQUENCE {
    featureCombination-r17                FeatureCombination-r17,
    startPreambleForThisPartition-r17     INTEGER (0..63),
    numberOfPreamblesPerSSB-ForThisPartition-r17 INTEGER (1..64),
    ssb-SharedRO-MaskIndex-r17            INTEGER (1..15)                                           OPTIONAL, -- Need S
    groupBconfigured-r17                  SEQUENCE {
        ra-SizeGroupA-r17                     ENUMERATED {b56, b144, b208, b256, b282, b480, b640,
                                                        b800, b1000, b72, spare6, spare5,spare4, spare3, spare2, spare1},
        messagePowerOffsetGroupB-r17          ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},
        numberOfRA-PreamblesGroupA-r17        INTEGER (1..64)
    }                                                                                               OPTIONAL, -- Need R
    separateMsgA-PUSCH-Config-r17         MsgA-PUSCH-Config-r16                                     OPTIONAL, -- Cond MsgAConfigCommon
    msgA-RSRP-Threshold-r17               RSRP-Range                                                OPTIONAL, -- Need R
    rsrp-ThresholdSSB-r17                 RSRP-Range                                                OPTIONAL, -- Need R
    deltaPreamble-r17                     INTEGER (-1..6)                                           OPTIONAL, -- Need R
    ...,
   [
    msg1-RepetitionNum-r18                    ENUMERATED { n2, n4, n8, spare1}   OPTIONAL, -- Need R
   ]
}

-- TAG-FEATURECOMBINATIONPREAMBLES-STOP
-- ASN1STOP
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