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Introduction
The RAN-approved work item to further enhance the NR coverage and objectives are included in [1]. One of the objectives of the WI is to specify multiple PRACH transmissions for 4-step RACH. In the last few RAN1 meeting, different aspects of multiple PRACH transmission were discussed and the agreements are captured in the Appendix. 
In this contribution, coverage enhancement by msg1 repetition is discussed, including configuration and procedural impacts. RAN2 impacts for PRACH coverage enhancements (based on RAN1 agreements), overall impact to RACH procedure and configuration of RACH resources are discussed.
Discussion
Configuration aspects
R1 agreed to support differentiating at least between multiple PRACH transmissions and single PRACH transmissions, where multiple PRACH are transmitted on separate ROs and/or on separate preamble on shared ROs.
Several work items in R17 have introduced PRACH partitioning to indicate the capability or support for the perspective feature. Some device types can also support a combination of these features. Given the PRACH capacity is limited. It therefore makes sense to reuse the R17 PRACH partitioning framework to configure and indicate an RA procedure initiated with multiple PRACH transmissions, as such framework already supports partitioning using separate ROs and/or using separate preambles on shared ROs.
Proposal 1:	Re-use R17 PRACH partitioning framework for configuring and indicating an RA procedure initiated with multiple Msg1 repetition.
Proposal 2:	A multiple Msg1 repetition partition can be configured with separate preambles on shared ROs with other partitions and/or on separate ROs.
RAN1 agreed to have multiple repetitions numbers possible {2, 4, an 8}, where the repetition number is selected based on the RSRP level measured by the UE. They further agreed that If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported. Therefore, each Msg1 repetition partition needs to be configured with an applicable number of repetitions.
Proposal 3:	Each partition for multiple Msg1 repetition is configured with an applicable number of multiple PRACH transmissions and RSRP threshold. Such partitions can overlap from a PRACH resource dimension perspective.
The PRACH partitioning overhead is expected to be high, especially since R1 wants a partition for each number of msg1 repetitions. In order to save on PRACH overhead associated with configuring PRACH partitions for Msg1 and Msg3, it should be possible that the same PRACH partition can be configured for indicating both Msg1 repetition and Msg3 repetition.
Proposal 4:	PRACH partition for indicating Msg3 repetition can also be configured to be the same partition for multiple Msg1 repetition. 
RA procedure impact
RAN1 agreed to have multiple repetitions numbers possible, where the repetition number is selected based on the RSRP level measured by the UE. Although RSRP is a good indicator for DL coverage, it may not reflect the UL coverage, which is the bottleneck addressed by Msg1 repetition. Hence it can be useful to allow the UE to increase the number of repetitions, e.g. after a number of single-preamble retransmission attempts or after a limited number of repetitions, which can be configured by the network. 
Proposal 5:	The UE can increase the number of multiple PRACH transmissions after a configured number of retransmissions without receiving RAR.
In order to reduce UE power consumption and blind decoding, the UE can monitor a single RAR associated with a bundle of msg1 repetitions. The UE can start the RAR window after all repetitions have been transmitted, as this allows the gNB to combine all repetition to realize the additional link budget gain. With respect to the RA-RNTI, the UE can monitor the RA-RNTI associated with the last preamble repetition (e.g. on the last RO within the RO group bundle), as the UE anyway starts the RAR window only after the transmission of the last preamble repetition.
Proposal 6:	For RAR reception, UE monitors single RAR with RA-RNTI associated with the last RO used to transmit the last repetition in an RO group.
Proposal 7:	The UE starts a single RAR window after the transmission of the last repetition RO.
Conclusion
In this contribution, coverage enhancement by msg1 repetition is discussed, including configuration and procedural impacts. The following observations and proposals are provided:
Proposal 1:	Re-use R17 PRACH partitioning framework for configuring and indicating an RA procedure initiated with multiple Msg1 repetition.
Proposal 2:	A multiple Msg1 repetition partition can be configured with separate preambles on shared ROs with other partitions and/or on separate ROs.
Proposal 3:	Each partition for multiple Msg1 repetition is configured with an applicable number of multiple PRACH transmissions and RSRP threshold. Such partitions can overlap from a PRACH resource dimension perspective.
Proposal 4:	PRACH partition for indicating Msg3 repetition can also be configured to be the same partition for multiple Msg1 repetition. 
Proposal 5:	The UE can increase the number of multiple PRACH transmissions after a configured number of retransmissions without receiving RAR.
Proposal 6:	For RAR reception, UE monitors single RAR with RA-RNTI associated with the last RO used to transmit the last repetition in an RO group.
Proposal 7:	The UE starts a single RAR window after the transmission of the last repetition RO.
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Annex A: R1 Agreements on multiple Msg1 transmission
RAN1#112 agreements
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.

RAN1#111 agreements
Agreement
For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.

Agreement
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, consider one or multiple of the following options.
· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.
· Other options are not precluded.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 

Agreement
Study at least the following case for multiple PRACH transmissions with different Tx beams.
· UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS
· FFS: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs, where the different SSBs/CSI-RSs are not associated with the same RO.
· Note: not related to decision on CFRA 
Note: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs/CSI-RSs, where the different SSBs/CSI-RSs are associated with the same RO is not considered.

Working Assumption
Simulation results for multiple PRACH transmissions with different beam(s) and same beam(s) (baseline) to be discussed in the next meeting.
· Simulation assumptions in TR 38.830 are used as the starting point for the simulation. 
· Focus on FR2.
· UE antenna configuration 2-2-2(baseline), 1-4-1(optional)
· Performance metric: 0.1% false alarm, 1% miss-detection
· Companies report the number of beams, the beam widths, beam correspondence assumption, and the boresights.
· Channel model for link-level simulation: CDL-A defined in table 7.7.1-1 in TR 38.901.
· Both that UE fulfills beamCorrespondence requirements Without UL-BeamSweeping and UE fulfils beamCorrespondence requirements with UL-BeamSweeping can be considered in the simulation are used as starting point for simulation.


Agreement
For multiple PRACH transmissions with same Tx beam, down-select one option from the following options.
· Option 1: gNB can only configure one value for the number of multiple PRACH transmissions.
· Option 2: gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· FFS: details

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.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.


RAN1#110b-e agreements 
Agreement
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.

Agreement
· For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.
· FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.

Agreement
· For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options. Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.
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