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1 Introduction
In the previous RAN2 meeting, the following agreements are achieved for multiple PRACH transmissions [1],
	· RAN2 assumes that MSG1 repetition can be applicable to all 4-step CBRA procedures (FFS for SI request).
· CFRA support is FFS.
· RAN2 assumes that MSG1 repetition can be applicable to NUL.
· RAN2 assumes that MSG1 repetition can be applicable to SUL. 
· Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g. we should not use all the spare values in the current IE).
· RAN2 waits for further inputs from RAN1 for how to associate RA-RNTI to the PRACH occasion for multiple PRACH transmissions and also for ra-ResponseWindow start point.
· General assumption is that various feature combinations can be configured (which is up to network implementation), unless explicitly specified otherwise
· RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS.
· BWP selection mechanism is not impacted by PRACH coverage enhancements. Legacy BWP selection mechanism is re-used.
· RA type selection mechanism is not impacted by PRACH coverage enhancements. Legacy RA type selection mechanism is re-used.


In this contribution, we would like to further discuss the potential RAN2 impacts of multiple PRACH transmissions from CP perspective, including RA trigger, CFRA, and RACH partitioning configuration. 
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2.1 RA trigger
In the previous meeting, whether multiple PRACH transmissions can be applicable for SI request is FFS. In our understanding, the main concern may come from whether and how to support multiple PRACH transmission for Msg1-based SI request (as shown in Figure 1), which is similar to CFRA. 


 Figure 1: Msg1-based SI request
From the necessity point of view, we assume UL coverage enhancement is applicable for all the use cases, including the cell-edge UE using multiple PRACH transmissions for Msg1-based SI request for UL transmission robustness. In this sense, it is beneficial to support multiple PRACH transmissions for Msg1-based SI request for the cell-edge UE under poor radio condition. 
Moreover, from the feasibility point of view, we think it is practical to realize multiple PRACH transmissions for Msg1-based SI request. For example, as the current SI request configuration SI-RequestConfig allows to configure separate preambles on shared ROs or separate ROs, then we can reuse this IE to configure separate RA resources for multiple PRACH transmissions for Msg1-based SI request. Additionally, the configuration can be associated with the number of Msg1 repetitions and/or corresponding RA parameters (e.g. RSRP threshold for multiple PRACH transmissions trigger). Then the UE can select the Msg1-based SI request preamble and RO group based on the SI request configuration, and the number of Msg1 repetitions. With that, the UE can have sufficient configuration for multiple PRACH transmissions. 
Based on the above, we can see that it is necessary and feasible to support multiple PRACH transmissions for Msg1-based SI request. For the normative work, there is minimal effort required to support this, mainly limited to the configuration scope. And there is no impact on RAN1. Thus, we think multiple PRACH transmission is applicable to Msg1-based SI request. 
Observation 1: The existing IE SI-RequestConfig allows to configure separate preambles on shared ROs or separate ROs for Msg1-based SI request, which matches the principle of RA resource configuration for multiple PRACH transmissions. 
Proposal 1: MSG1 repetition can be applicable to the 4-step CBRA procedure initiated by Msg1-based SI request. 
Next, we would like to further investigate the Msg3-based SI request case. In our understanding, the main difference between RA for initial access and RA for Msg3-based SI request is the content generated for the CCCH message. However, from the radio transmission point of view, there is no essential difference as the preamble/RO is shared for these two cases and the TBS included in Msg3 is also the same, as illustrated in Figure 2. In this sense, we fail to see the motivation to exclude supporting multiple PRACH transmissions for Msg3-based SI request as we have agreed for initial access. 


Figure 2: Msg3-based SI request v.s. initial access
Observation 2: From the radio transmission point of view, there is no essential difference between RA for initial access and RA for Msg3-based SI request, as the preamble/RO is shared and the TBS included in Msg3 is the same for these two cases. 
Proposal 2: MSG1 repetition can be applicable to the 4-step CBRA procedure initiated by Msg3-based SI request. 
2.2 CFRA
To support multiple PRACH transmissions for CBRA, basically, separate RA resources associated with the number of Msg1 repetition and RSRP threshold for Msg1 repetition trigger are required. Then the UE can select the SSB (and the UL Tx beam), preamble, and determine the RO group to perform multiple PRACH transmissions. In our understanding, a similar design can also be used to support CFRA with multiple PRACH transmissions. For example, the NW can configure the separate RA resources associated with the corresponding parameters (e.g. number of Msg1 repetition) via the RRC signaling, which currently allows separate RA resources and parameters configuration for BFR and HO. There is minimal work required to support CFRA with multiple PRACH transmissions and there is no functional impact to RAN1. 
[bookmark: _GoBack]For another case requiring CFRA, that is TA establishment for a secondary TAG by PDCCH order, although the PDCCH order does not have sufficient capacity (i.e. only 10 bits left) to include all the necessary configurations for multiple PRACH transmissions, similar to BDR and HO case, RRC message can include all the RA configuration for PDCCH order case. Then the UE can assume the signaled preamble is content-free amongst all the configured ROs, and still can the number of repetitions based on the RSRP DL pathloss reference and the configured resources. 
Based on the above, we think CFRA of 4-step type with Msg1 repetition can be supported with minimal work. Therefore, we propose, 
Proposal 3: MSG1 repetition can be applicable to the CFRA of 4-step type initiated by BFR and RRC Reconfiguration with sync. 
Proposal 4: MSG1 repetition can be applicable to the CFRA of 4-step type initiated by PDCCH order. 
2.2 RACH partitioning configuration
In the previous meeting, it was agreed that Msg1 repetition with different repetition number {2, 4, 8} was treated as a separate feature. Then it seems a spontaneous logic to directly model Msg1 repetition with different number of multiple PRACH transmissions as different features, shown in the below ASN.1 structure.
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Some may argue that this kind of modeling leads to only one spare bit for further extension. But we think it is okay as Msg1 repetition is the only feature requiring RACH partitioning in Rel-18. Moreover, with this, we don’t need to use the extension mark (i.e. …, which occupies 3 Bytes) of FeatureCombinationPreambles-r17 to indicate the actual number of Msg1 repetitions and it is more straightforward and simple for UE to understand the purpose of RA partition by only interpreting the IE FeatureCombination-r17.  
Proposal 5: 3 spare bits are used to model Msg1 repetition with a given number of multiple PRACH transmissions as a separate feature. 
According to the agreement made in RAN1#111, UE determines whether PRACH should be repeated and the repetition number at least based on SSB-RSRP measurement result at least for the first RACH attempt. Considering that gNB can configure one or multiple values for the number of multiple PRACH transmissions, a criterion for determining the repetition number should be designed. For example, multiple thresholds correspond to different repetition numbers if configured in BWP-UplinkCommon of SIB1, shown in the below ASN.1 structure.
Proposal 6: A separate RSRP threshold is configured for a PRACH transmission with a given number of multiple PRACH transmissions (i.e. multiple thresholds corresponding to the different number of multiple PRACH transmissions per BWP level).
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Additionally, some configuration principles of Rel-17 RACH partitioning are supposed to be inherited to Msg1 repetition. For example, Preamble Group B is applicable to Rel-18 PRACH repetition (i.e. it is up to the network to decide whether and how to configure Rel-18 PRACH repetition with Preamble Group B). That is because there exists a valid use case, e.g. realizing robust transmission in case of RRC resumption with a CCCH message of 64-bits. Meanwhile, it is naturally supported when reusing the Rel-18 partitioning signaling. For another example, a separate configuration for the RSRP threshold for SSB selection during the RA procedure should also be inherited. 
Proposal 7: RAN2 confirms that Preamble Group B can be configured for Msg1 repetition.
Proposal 8: RAN2 confirms that a separate RSRP threshold for SSB selection can be configured for an Msg1 repetition feature.
Last but not least, in the Rel-17 RACH partitioning framework, it is not supported to configure a separate preambleReceivedTargetPower nor powerRampingStep for the shared RO case. But this rule may degrade performance and efficiency for Rel-18 Msg1 repetition. Specifically, it is possible that a Msg1 repetition feature associated with 2 repeitions share the same RO with another Msg1 repetition feature associated with 4 repetitions. In this case, preambleReceivedTargetPower for Msg1 repetition with 2 generally can be different from that for Msg1 repetition with 4 (i.e. the value for 4 is lower than that for 2). This is because the UE currently will only use the same preamble and the UL Tx beam to perform multiple PRACH transmissions. On the network side, the NW may detect the preamble only after receiving all the PRACH transmissions using joint energy detection. So the network may use a lower value of preambleReceivedTargetPower for the Msg1 repetition of a higher number of transmissions, as depicted in Figure 3. 
Additionally, for the powerRampingStep, the value of it is supposed to be higher for the Msg1 repetition feature with a higher number of transmissions. That is a RA attempt with a higher number of PRACH transmissions generally means more times of PRACH failure. It seems a spontaneous logic to use a powerRampingStep of higher value in this case so that higher transmission power can be used in the next RA attempt. 


Figure 3: Multiple PRACH transmissions in shared RO
Proposal 9: In the shared RO case, separate configuration of preambleReceivedTargetPower or powerRampingStep is allowed for an Msg1 repetition feature. 
3 Conclusion
In this contribution, we have further discussed the potential RAN2 impacts of multiple PRACH transmissions from CP perspective, including RA trigger, CFRA, and RACH partitioning configuration. All the observations and proposals are summarized below:

RA trigger:
Observation 1: The existing IE SI-RequestConfig allows to configure separate preambles on shared ROs or separate ROs for Msg1-based SI request, which matches the principle of RA resource configuration for multiple PRACH transmissions. 
Proposal 1: MSG1 repetition can be applicable to the 4-step CBRA procedure initiated by Msg1-based SI request. 
Observation 2: From the radio transmission point of view, there is no essential difference between RA for initial access and RA for Msg3-based SI request, as the preamble/RO is shared and the TBS included in Msg3 is the same for these two cases. 
Proposal 2: MSG1 repetition can be applicable to the 4-step CBRA procedure initiated by Msg3-based SI request. 

CFRA:
Proposal 3: MSG1 repetition can be applicable to the CFRA of 4-step type initiated by BFR and RRC Reconfiguration with sync. 
Proposal 4: MSG1 repetition for the CFRA of 4-step type initiated by PDCCH order is deprioritized. 

RACH partitioning configuration:
Proposal 5: 3 spare bits are used to model Msg1 repetition with a given number of multiple PRACH transmissions as a separate feature. 
Proposal 6: A separate RSRP threshold is configured for a PRACH transmission with a given number of multiple PRACH transmissions (i.e. multiple thresholds corresponding to the different number of multiple PRACH transmissions per BWP level).
Proposal 7: RAN2 confirms that Preamble Group B can be configured for Msg1 repetition.
Proposal 8: RAN2 confirms that a separate RSRP threshold for SSB selection can be configured for an Msg1 repetition feature.
Proposal 9: In the shared RO case, separate configuration of preambleReceivedTargetPower or powerRampingStep is allowed for an Msg1 repetition feature. 
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