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RAN approved a new work item for further coverage enhancements for NR in Rel-18 [1]. In the RAN1#110b-e meeting, PRACH preamble, RO and RAR for multiple PRACH transmission was discussed, and the agreements are captured in the Appendix. In this contribution, we discuss scenarios when to support multiple PRACH transmissions, resource configuration and RAR window.
Discussion
Usage of multiple PRACH transmissions
Enabling multiple PRACH transmission:
Depending on the UE’s conditions (e.g., in bad coverage situation), it can select PRACH repetition or single PRACH transmission. RAN1 needs to discuss the conditions on when PRACH repetition can be used. One condition could be based on the SSB measurements during initial access procedure. For example, if the RSRP of all the SSBs corresponding to different beams are below rsrp-ThresholdSSB, the UE can use PRACH repetition. The UE then selects the best beam(s) on which PRACH repetition will be performed.
Proposal 1: The UE can use multiple PRACH transmissions when the RSRP of all the SSBs corresponding to different beams are below a threshold.

Determining the number of repetitions:
The required number of repetitions for PRACH transmissions can vary depending on the UE’s coverage situation. Therefore, the selection of the number of PRACH transmissions should be based on the SSB-RSRP. By measuring the SSB-RSRP, the UE can determine the number of PRACH repetition from the set of supported values. For example, the existing linkage to the SS-RSRP threshold for Msg3 repetition request can be used to determine the number of PRACH repetitions.  
Proposal 2: The UE determines the number of PRACH transmission based on SSB-RSRP threshold.

PRACH repetition using different beams:
The PRACH repetitions can be done using same or different beams. One of the objectives of the WI is to study, and if justified, specify the PRACH transmission using different beams for 4-step RACH. To evaluate the performance of PRACH repetition using different beams, RAN1 needs to agree first on the evaluation methodology. Given the short time allocated for Rel-18 coverage enhancement, the focus should be first on specifying PRACH repetition with the same beam and if time allow evaluate the PRACH repetition using different beams.
Proposal 3: RAN1 to focus on specifying multiple PRACH transmissions with same beam.
Resource configuration for PRACH transmissions using the same beam
In the RAN1#110b-e meeting, different options regarding resource configuration for multiple PRACH transmission using the same beam are captured in FL summary [2]. The options are covering the cases whether multiple PRACH transmission are transmitted with separate preamble and/or separate ROs. The latest FL proposal merging different options: 
For multiple PRACH transmissions with same beam, consider one or multiple of the following options.
· Option A: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option B: Multiple PRACH are transmitted on separate ROs with separate or shared preamble.
· Other options are not precluded.
· FFS: detailed schemes, including how gNB know which ROs are to be checked for multiple PRACH transmission for all the above Options.
Option A uses classical preamble partitioning, whereby reserved preambles can be used for R18. In Option B, multiple PRACH are transmitted on separate ROs and thus there will be no shared preamble with legacy UEs. Such option can be more appropriate when gNB can provision more ROs with less overhead, e.g. in FR2. Both options can provide resource partitioning to allow the gNB differentiate between multiple PRACH transmission and legacy single PRACH transmission. Both options are possible using existing feature preamble partitioning framework, where a feature can be assigned certain preambles and/or an RO mask. Thus we think the options should be considered for further study. Whether to use one or both options can be left for network configuration.
Proposal 4: For resource configuration of multiple PRACH transmissions, the following options are supported:
· Option A: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option B: Multiple PRACH are transmitted on separate ROs.
RAR monitoring:
In NR Rel-15, after transmitting PRACH, the UE starts monitoring random access response within the RAR window. Only one RAR window that starts after transmitting the single PRACH was supported. With the support of multiple PRACH transmission, the question is whether the UE should monitor single RAR window or multiple monitoring RAR windows corresponding to each PRACH transmission. In RAN1#110b-e, the two options were agreed for further consideration:
	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.



On one hand, option 1 increases the blind decoding effort as the UE needs to monitor multiple RAR windows compared to option 2. On the other hand, option 1 minimizes the specification effort as it re-uses the legacy design. Which option to select depends on the decision RAN1 makes on the resource configuration for multiple PRACH transmission. If resource partitioning is supported between legacy single PRACH resources and Rel-18 multiple PRACH resources, the gNB will be able to combine the repeated PRACH transmission, correlate the repetitions to the same UE, and send one RAR for all the transmitted PRACHs to reduce the UE’s effort to monitor RAR. If partitioning is not supported, only the legacy design of one RAR per preamble repetition (e.g. option 1) is possible since the gNB may not know whether the different PRACH transmissions are part of single PRACH or multiple PRACH transmission. If the gNB correlates repetitions to the same UE, the start RO of a repetition bundle needs to be known, especially if the number of repetitions is not fixed/chosen based on RSRP. In case single RAR for all the PRACH transmissions is supported, the start position of RAR window can be fixed after the end of multiple PRACH transmission or can start prior the end of multiple PRACH transmission. In such case, the UE can stop transmitting PRACHs in case of receiving a RAR.
Proposal 5: One RAR for all of the multiple PRACH transmissions is supported if resource partitioning between legacy single PRACH resources and multiple PRACH transmission is introduced.
Proposal 6:  The start position of the RAR window for all of the multiple PRACH transmissions is:
· After a nominal number of PRACH repetitions if the number of repetitions is coverage dependent; or
· After the transmission of the last PRACH repetition if the number of repetitions is fixed.
Conclusion
In this contribution, we have discussed and propose the following:
Proposal 1: The UE can use multiple PRACH transmissions when the RSRP of all the SSBs corresponding to different beams are below a threshold.
Proposal 2: The UE determines the number of PRACH transmission based on SSB-RSRP threshold.
Proposal 3: RAN1 to focus on specifying multiple PRACH transmissions with same beam.
Proposal 4: For resource configuration of multiple PRACH transmissions, the following options are supported:
· Option A: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option B: Multiple PRACH are transmitted on separate ROs.
Proposal 5: One RAR for all of the multiple PRACH transmissions is supported if resource partitioning between legacy single PRACH resources and multiple PRACH transmission is introduced.
Proposal 6:  The start position of the RAR window for all of the multiple PRACH transmissions is:
· After a nominal number of PRACH repetitions if the number of repetitions is coverage dependent; or
· After the transmission of the last PRACH repetition if the number of repetitions is fixed.
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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.

