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Introduction
A new Rel-18 WI on further coverage enhancement [1] was approved in RAN#94e. one of the objectivce of this WI is to improve PRACH coverage.
· 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 RAN1#112 meeting, the following agreements were made on PRACH coverage enhancements [2].
Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details
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. 
· 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.
Conclusion
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).

Agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.
Agreement
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.
Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
Note 1: All ROs in one RO group is associated with the same SSB(s).
Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
Note 3: whether/how to define “RO group” in specification will be discussed separately
Note 4: Valid RO(s) refers to what is defined in existing specification
FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
FFS: the time span of RO group.
FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
FFS: other details

Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
In this contribution, we discuss the aspects of PRACH coverage enhancement and give our proposals.
Discussion on PRACH repetition
Regarding how to differentiate the multiple PRACH transmission from single PRACH transmission, two working assumptions were made in the last RAN1 meeting. Since Rel-15 and Rel-16, the PRACH was used to differentiate different features, such as the CBRA vs. CFRA, 4-step RACH vs. 2-step RACH. In Rel-17, PRACH was still used to separate features of SDT, Msg3 PUSCH repetition, RedCap, and slicing, thus RAN2 defined the RACH Indication and Partitioning framework. With this framework, each feature can configure the RACH resource independently with AddtionalRACH-ConfigList-r17, it’s up to gNB implementation to configure the shared RO or separated RO for each feature. In addition, the framework is forward-compatible, and spare bits are reserved in FeatureCombination-r17. Therefore, the Rel-18 PRACH repetition could re-use this framework directly with minor additional standard work. From this perspective, two working assumptions are supported already by the Rel-17 RACH partition framework. For the working assumption on the shared RO, some companies argued if separated RO is supported, there is no need to support the shared RO case. However, shared RO provides gNB additional flexibility to configure the PRACH resources, it’s up to gNB implementation how to configure the resources for PRACH repetition. In addition, it could be better to send the LS RAN2 to inform RAN1’s agreements and whether it is aligned with RAN2’s understanding.    
Proposal 1: The following working assumptions are to be confirmed with the updates.  
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· 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.
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. 
· 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.
Proposal 2: Send LS to RAN2 to inform RAN1’s agreements. 
According to the last meeting agreements, gNB can configure multiple PRACH repetition numbers or repetition levels. One open issue is how the UE selects the right repetition number, i.e., {2, 4, 8}. The legacy SSB-RSRP measurement could be re-used for the PRACH repetition level selection. For each PRACH repetition number, an associated SSB-RSRP threshold needs to be configured as well. Thus, the UE could transmit the PRACH with the selected repetition numbers according to its location in the cell, i.e., measured SSB-RSRP. 
Proposal 3: If multiple PRACH coverage enhancement levels are configured by gNB, the associated SSB-RSRP threshold is configured for each PRACH repetition level.
In addition, if only one PRACH repetition level is configured by the gNB, the SSB-RSRP threshold defined for Msg3 PUSCH repetition, i.e., rsrp-ThresholdMsg3-r17, could be re-used. If the UE measured SSB-RSRP is lower than the rsrp-ThresholdMsg3-r17 threshold, UE determines PRACH repetition and Msg3 PUSCH repetition are needed. The detailed repetition number for PRACH and Msg3 PUSCH is indicated separately. In this way, the UL coverage of PRACH and Msg3 PUSCH can be considered jointly. 
Proposal 4: If a single PRACH repetition number is configured, Msg3 RSRP threshold is re-used to determine the PRACH repetition.
RO group was defined in the last RAN1 meeting. One open issue for RO group is the time span of a RO group. In NR design, multiple downlink beams were supported, the SSB-to-RO mapping was specified within the association period and association pattern period. The starting RO for different SSB maybe not at the same time instance according to ssb-perRACH-OccasionAndCB-PreamblesPerSSB configuration, and the SSB-to-RO mapping cycles could be different in different association periods due to RO validation rule. But anyway, the SSB-to-RO mapping will repeat the same association from one association pattern period to another one. So, if multiple PRACH transmissions in a RO group can be finished within an association pattern period, then the first PRACH transmission will always start at the beginning of association pattern period or RO group. It makes gNB and UE implementation easier to identify the first PRACH transmission. 
In addition, RO groups are not necessary to be consecutive from the overhead-saving perspective, it’s up to gNB to configure the RO group density considering overhead and access delay. Therefore, RO group offset and RO group periodicity needs to be indicated to UE. The offset is relative to SFN=0 and could be zero or multiple of RO group time span. An example of RO group configuration is shown in Figure 1.
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Figure1: RO group configuration
Proposal 5: The time span of a RO group is one association pattern period. 
Proposal 6: The starting RO group offset and RO group periodicity are configured by the network.
Another aspect related to RO group is the SSB and RO in the RO group association. One of the intentions to introduce RO group is to reduce the access delay for the PRACH repetitions, thus the ROs in the RO group should be consecutive and TDMed. During the SSB-to-RO association process, RO is replaced by the RO group to perform the association with SSB. Otherwise, the only function to introduce RO group is to find the starting RO for PRACH repetitions.
Proposal 7: RO group is defined as consecutive TDMed ROs for an associated SSB.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It was agreed in the last RAN1 meeting that UE monitors only one RAR window for one RACH attempt. Some details need to discuss further. If only one RAR window is monitored by the UE and the ra-ResponseWindow is not extended from 10ms, the ra-ResponseWindow should start at the first PDCCH occasion from the end of the last random access preamble transmission to allow gNB to combine the previously transmitted preambles. The RA-RNTI should be determined according to the last preamble transmission as well, which is aligned with RA-RNTI determination with single PRACH transmission and simplify the gNB and UE implementation.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 8: RA-RNTI and the start position of RAR window are determined according to the last preamble transmission of the multiple PRACH transmissions.
Summary
In this contribution, we discuss the aspects on PRACH coverage enhancement and have the following proposals:
Proposal 1: The following working assumptions are to be confirmed with the updates.  
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· 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.
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. 
· 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.
Proposal 2: Send LS to RAN2 to inform RAN1’s agreements. 
Proposal 3: If multiple PRACH coverage enhancement levels are configured by gNB, the associated SSB-RSRP threshold is configured for each PRACH repetition level.
Proposal 4: If a single PRACH repetition number is configured, Msg3 RSRP threshold is re-used to determine the PRACH repetition.
Proposal 5: The time span of a RO group is one association pattern period. 
Proposal 6: The starting RO group offset and RO group periodicity are configured by the network.
Proposal 7: RO group is defined as consecutive TDMed ROs for an associated SSB.
Proposal 8: RA-RNTI and the start position of RAR window are determined according to the last preamble transmission of the multiple PRACH transmissions.
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