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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 bis meeting, the following agreements were made on PRACH coverage enhancements [2].
Agreement
Confirm the following working assumptions.
	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.



Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2.

Conclusion
There is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18.
Note: multiple PRACH transmissions within one RACH attempt located at same time instance includes multiple PRACH transmissions in FDMed ROs located at the same time instance and multiple PRACH transmissions with different preambles in the same RO.

Conclusion
There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.
Agreement
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.
Agreement
[Draft] LS R1-2304070 is endorsed in principle by appending RAN1 agreement “Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2”, as well as fixing the formulation of the LS.

Agreement
Final LS R1-2304141 is endorsed.

Agreement
The starting point of RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
Note: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not
In this contribution, we discuss the aspects of PRACH coverage enhancement and give our proposals.
Discussion on PRACH repetition
According to the previous 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. 
In the last meeting, it was proposed to introduce other factors besides RSRP to determine the PRACH repetition level, such as based on the UE power class, or power headroom. The intention is to use all the transmission power first before the PRACH repetition is applied. Considering the transmission power limitation on PC1.5 and PC2, such as the duty cycle, and PRACH time domain density, higher power transmission is not always available. Thus, only SSB-RSRP thresholds are used to determine the number of PRACH transmissions is enough.
Proposal 1: If multiple PRACH coverage enhancement levels are configured by gNB, UE selects the PRACH repetition level according to the configured SSB-RSRP 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 2: If a single PRACH repetition number is configured, Msg3 RSRP threshold is re-used to determine the PRACH repetition.
Regarding the power control for PRACH repetitions, whether the maximum transmission power is applied to the first PRACH attempt was discussed in the last RAN1 meeting. As it was agreed at least SSB-RSRP is to be used for determining the number of PRACH repetitions, different power class UEs in the same place will select the same number of PRACH transmissions. It doesn’t make sense to enforce all the UEs with the maximum transmission power, such as PC1.5 UE with 29dBm, PC2 UE with 26dBm, and PC3 UE with 23dBm. The received power difference will cause interference for gNB preamble detection. Thus, power ramping can be applied for different RACH attempts. It’s not necessary to increase PRACH repetition numbers for RACH re-attempt, if the maximum attempts are reached, the UE can select next PRACH repetition level with more PRACH transmission numbers.
Proposal 3: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
RO group was discussed in the previous RAN1 meetings. One open issue 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 may be 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. Then the time span can be one or multiple association pattern period which is depending on the configured RO density via the PRACH configuration index, i.e., prach-ConfigurationIndex.  
As the ROs in the time span will be more than the required ROs for PRACH repetition, these ROs are considered invalid and can’t be used for PRACH repetition. With some PRACH configuration indices, the time span is equal to one association pattern period, one time span could have more than one RO group in time domain. For other cases, such as one time span is larger than one time association pattern period, the time span only includes one RO group in the time domain.
As multiple PRACH repetition levels can be configured, each repetition level should have its own time span to adapt different PRACH repetition numbers. 
Proposal 4: RO group for a specific PRACH repetition level is within a time span, 
· The time span of a RO group is at least one association pattern period
· One time span is only applied to one specific PRACH repetition level
· The time span only includes one RO group in the time domain, except the time span is equal to one association pattern period.
· The ROs in the time span that are not within the RO group are invalid ROs
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 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 6: RO group is defined as consecutive TDMed ROs for an associated SSB.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It was agreed in the previous RAN1 meetings that UE monitors only one RAR window for one RACH attempt, and the starting point of RAR window is after the last symbol of the last valid RO in the RO group. One remaining issue is how to determine the RA-RNTI for multiple PRACH transmissions. The RA-RNTI should be determined according to the last preamble transmission, this is aligned with RA-RNTI determination with single PRACH transmission and simplify the gNB and UE implementation.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 7: For multiple PRACH transmissions with same Tx beam, the corresponding RA-RNTI is calculated based on RO for the last PRACH repetition.
Summary
In this contribution, we discuss the aspects on PRACH coverage enhancement and have the following proposals:
Proposal 1: If multiple PRACH coverage enhancement levels are configured by gNB, UE selects the PRACH repetition level according to the configured SSB-RSRP for each PRACH repetition level.
Proposal 2: If a single PRACH repetition number is configured, Msg3 RSRP threshold is re-used to determine the PRACH repetition.
Proposal 3: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
Proposal 4: RO group for a specific PRACH repetition level is within a time span, 
· The time span of a RO group is at least one association pattern period
· One time span is only applied to one specific PRACH repetition level
· The time span only includes one RO group in the time domain, except the time span is equal to one association pattern period.
· The ROs in the time span that are not within the RO group are invalid ROs
Proposal 5: The starting RO group offset and RO group periodicity are configured by the network.
Proposal 6: RO group is defined as consecutive TDMed ROs for an associated SSB.
Proposal 7: For multiple PRACH transmissions with same Tx beam, the corresponding RA-RNTI is calculated based on RO for the last PRACH repetition.
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