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1. Introduction

In RAN1#112, PRACH coverage enhancements in Rel-18 was discussed, and the following agreements were made [1].
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.

Note: It is summarized by FL that for the same number of PRACH transmissions per source, 

· 1 source [Ericsson] shows that: Multiple PRACH transmitted by beam sweeping, where a UE has no prior knowledge of channel and sweeps Tx beams across 360 degrees horizontally and 180 degrees vertically, outperforms multiple PRACH transmissions with the same Tx wide beam (omni direction) by at least 1 dB, provided gNB configures only one SSB and receives PRACH with a wide beam.

· 3 sources [ZTE, Nokia, vivo] show that: A gain from about 1~3 dB of beam sweeping is observed if a UE is able to direct at least one of its Tx beams in the right direction or to narrow down the azimuth and/or zenith range of 360 degrees and/or 180 degrees for beam sweeping compared with multiple PRACH transmissions with the same Tx wide beam.
· 1 source [Huawei] shows that: compared to the same wide beam for multiple PRACH transmission, if different Tx beams are finer beams, then 3.9~5 dB gains are observed assuming that only one PRACH occasion with the best detected SINR is selected at the gNB reception, where the beam gain of fine beam is 4 times that of wide beam.

· 1 source [vivo] shows that: The performance of PRACH repetition with beam sweeping among beams far apart is 3 dB worse than PRACH repetition with single best beam

· 1 source [vivo] shows that: The performance of PRACH repetition with beam sweeping among beams in the directions close to the best Tx beam is 1dB worse than PRACH repetition with single best beam.
· 1 source [vivo] shows that: PRACH repetition via random beam directions performs 1 dB worse than PRACH repetition with omni beam.
This contribution discusses potential issues on PRACH coverage enhancements further. Our proposals are provided.
2. Discussion
2.1. Resource configuration for multiple PRACH transmission
It was agreed in RAN1#110-bis that at least ROs located at different time instances can be utilized for multiple PRACH transmissions with same beam. There may be several FDM’ed ROs at a time instance. The starting RB of ROs can be different at different time instances for multiple PRACH transmissions, which can have some frequency diversity gain. The starting RBs of different ROs are based on the PRACH resource configuration for multiple PRACH transmission. For example, as discussed in RAN1#112, a configured "RO group" for multiple PRACH transmissions can include ROs with same or different starting RBs.
Proposal 1: The starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
gNB can configure available resources for multiple PRACH transmission. UE shall use part of configured available resources for multiple PRACH transmission. Besides, gNB needs to differentiate the multiple PRACH transmissions with single PRACH transmission, it should know the number of multiple PRACH transmission that an available PRACH resource is used for. Then gNB can receive and combine the multiple PRACH transmission on the corresponding PRACH resource. A group of ROs located at different time instances can be defined for multiple PRACH transmissions with specific number. 
In RAN1#112, it was agreed that "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. It is needed to further study how to divide the ROs into groups for multiple PRACH transmission. 
The time span of RO group is FFS. A RO group includes several legacy valid ROs that are associated with the same SSB. Legacy configured ROs are mapped to SS/PBCH block indexes following a predefined order. The actual transmitted SS/PBCH block indexes are mapped at least once to the PRACH occasions within the association period. This means that an association period may include one or more ROs associated with the same SSB. These ROs may be TDM’ed or FDM’ed. As agreed in RAN1#110-bis that at least ROs located at different time instances can be utilized for multiple PRACH transmissions with same beam. Therefore, within an association period, the ROs at different time instances and associated with the same SSB can be used as the ROs in a RO group. Then one or more association periods may be needed to support the number of multiple PRACH transmissions with same Tx beams, which belongs to {2, 4, 8}. An example is shown in figure 1. The number of multiple PRACH transmission is 2. Within an association period, only one TDM’ed RO can be found for SSB#0. For 2 PRACH transmissions in one attempt, the ROs in the RO group will span two association periods.
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Proposal 2: For an association period, the ROs at different time instances and associated with the same SSB are valid ROs for a RO group. 
Proposal 3: All the ROs in a RO group can span one or more association periods based on the number of valid ROs within one association period.
It is FFS whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions. To differentiate RO groups for different number of multiple PRACH transmissions, separate ROs or separate preamble on shared ROs can be supported among RO groups for different number of multiple PRACH transmissions.

Proposal 4: Separate ROs or separate preamble on shared ROs can be used among RO groups for different number of multiple PRACH transmissions.

2.2. SSB-to-RO mapping
Legacy configured ROs are mapped to SS/PBCH block indexes following a predefined order. The actual transmitted SS/PBCH block indexes are mapped at least once to the PRACH occasions within the association period. A preamble transmission corresponds to a specific SS/PBCH block index. If multiple PRACH transmissions with same beam is assumed, a group of ROs for multiple PRACH transmissions should be mapped to the same SS/PBCH block index. The ROs can be derived from legacy ROs. Then TDM’ed ROs mapped to the same SSB index can be selected to form a RO group. 

As shown in figure 2, the number of multiple PRACH transmission is 2.  ssb-perRACH-Occasion = 1/4. 2 TDM’ed ROs mapped to SSB 0 are chosen to transmit multiple PRACH. Each RO belongs to an association period, since only one time-domain RO can be used in an association period. 
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Fig2. ROs group mapped to the same SSB for PRACH repetition

For legacy SSB-to-RO mapping rules, SS/PBCH block indexes provided by ssb-PositionsInBurst are mapped to valid PRACH occasions in the following order: preamble indexes, FDM’ed RO indexes, TDM’ed RO indexes. The current mapping order leads to long latency between TDM’ed ROs for multiple PRACH transmission, since TDM’ed RO indexes has the lowest mapping priority. The latency of multiple PRACH transmission should be optimized to reduce random access latency and the detection load of gNB. It can be fulfilled by appropriate parameter configuration for SSB-to-RO mapping, such as ssb-perRACH-Occasion and CB-PreamblesPerSSB. For the case of share RO, it may introduce some restriction to the SSB-to-RO mapping configuration of legacy single PRACH transmission. For the case of separate RO, SSB-to-RO mapping rules for the ROs for multiple PRACH transmission can be enhanced to allow short latency among TDM’ed ROs for multiple PRACH transmission. For example, as summarized in [2] during last meeting, the SSB are mapped to valid ROs for multiple PRACH transmission first in the time domain and then in the frequency domain.
Proposal 5: For multiple PRACH transmissions with same beam, consider SSB-to-RO mapping enhancement to allow short latency among TDM’ed ROs for multiple PRACH transmission. 
2.3. Determine the number of multiple PRACH transmissions
Multiple PRACH is used for PRACH coverage enhancement. When a UE initiates a RACH procedure, it should determine whether to use PRACH repetition for Msg1 transmission. It depends on whether PRACH has poor coverage. In R17, Msg3 PUSCH repetition is introduced to enhance coverage of Msg3. If the RSRP of the downlink pathloss reference is less than rsrp-ThresholdMsg3, UE can request Msg3 PUSCH repetition through specific preamble. Similarly, UE can determine PRACH repetition if RSRP measurement result is less than a threshold. The RSRP threshold can be specifically configured for determination of multiple PRACH, or share the same one as that for Msg3 PUSCH repetition. 
During last several RAN1 meetings, it was discussed whether to link the SS-RSRP threshold for Msg3 repetition request. Msg3 PUSCH repetition is introduced to enhance coverage of Msg3 in R17. If a UE finds out a poor coverage based on the SS-RSRP threshold, it may have the requirement of Msg3 repetition. For the same reason, multiple PRACH transmissions is also needed in case of poor coverage. The legacy SS-RSRP threshold for Msg3 repetition request is a reasonable factor to determine multiple PRACH transmissions. If the RSRP of the downlink pathloss reference is less than rsrp-ThresholdMsg3, UE performs multiple PRACH transmissions. 
Proposal 6: Multiple PRACH can be determined based on the SS-RSRP threshold for Msg3 repetition request.
Conditions other than DL RSRP based are not excluded. The situation of PRACH transmission can also be taken into consideration for multiple PRACH determination. The power control of legacy single PRACH is set to reach a target received power at gNB. If the available power of UE can achieve the target received power at gNB, UE will retransmit PRACH with ramped power if RAR for the previous preamble is not received within RAR window. The coverage of legacy PRACH is limited to the coverage of single transmitted preamble with the maximum output power. If the power of single PRACH does not reach the maximum output power, it seems that it is not necessary to apply multiple PRACH for coverage enhancement. Otherwise, if the calculated power of single PRACH reaches the maximum output power, the retransmission of single PRACH can not further improve the coverage. In our view, multiple PRACH can be triggered based on whether the calculated power of single PRACH reaches the maximum output power of UE. 
Proposal 7: Multiple PRACH can be determined based on whether the calculated power of single PRACH reaches the maximum output power of UE. 
Number of a multiple PRACH transmission attempt can be decided according to PRACH coverage enhancement requirement. DL RSRP can reflect the coverage of PRACH, which can be used to determine the number of multiple PRACH transmission. Other options can also be considered. For example, the number of a multiple PRACH transmission attempt can be determined based on the number of attempts that UE has performed. Therefore, the number of different multiple PRACH transmission attempts can be same or different. It may depend on the coverage enhancement solution for R18 4-step RACH procedure, which can be further studied.

Proposal 8: Study the number of multiple PRACH transmission for different multiple PRACH attempts. 
2.4. Power control

It was agreed in RAN1#112 that for multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt. For inter multiple PRACH attempt, we think there are two options to further enhance the coverage during multiple PRACH re-attempts.
· Power ramping can be applied for the next attempt of multiple PRACH. The power of PRACH can be ramped with the increase of multiple PRACH attempt.
· Power ramping is not applied for the next attempt of multiple PRACH. The number of multiple PRACH can be ramped with the increase of multiple PRACH attempt.
Proposal 9: For multiple PRACH transmissions with same beam among different RACH attempts, following options can be considered.
· Option 1: Power ramping can be applied for the next attempt of multiple PRACH. The power of PRACH can be ramped with the increase of multiple PRACH attempt.
· Option 2: Power ramping is not applied for the next attempt of multiple PRACH. The number of multiple PRACH can be ramped with the increase of multiple PRACH attempt.
For legacy Msg3 transmission, the power is calculated based on the total preamble power ramping of performed PRACH transmission. When multiple PRACH transmission is applied, how to calculate the total preamble power ramping during multiple PRACH transmission attempts should be studied. It can be calculated based on the total preamble power ramping of one PRACH of the multiple PRACH transmission, e.g. the first PRACH of the multiple PRACH transmission. It can also be calculated based on all the PRACHs of multiple PRACH in a RACH attempt and the power ramping of performed RACH attempts.  
Proposal 10: Msg3 transmission power can be calculated based on the power ramping of one or all the PRACHs of multiple PRACH transmission in a RACH attempt. 
2.5. RAR window
It was agreed in RAN1#112 that only one RAR window is supported for RAR monitoring for one RACH attempt. The RAR window starts after all the of the multiple PRACH transmissions have finished. The start position of the RAR window can follow the legacy definition in spec. That is, the window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the last PRACH occasion corresponding to the multiple PRACH transmission. The RA-RNTI can be calculated based on one PRACH of the multiple PRACH transmission. It depends on whether UE should know a specific PRACH of the responded multiple PRACH transmission. It can be FFS.

Proposal 11: The RAR window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the last PRACH occasion corresponding to the multiple PRACH transmission.
Proposal 12: The RA-RNTI can be calculated based on one PRACH of the multiple PRACH transmission.
3. Conclusions
In this contribution, PRACH coverage enhancements are discussed and our proposals are provided. 
Proposal 1: The starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
Proposal 2: For an association period, the ROs at different time instances and associated with the same SSB are valid ROs for a RO group. 
Proposal 3: All the ROs in a RO group can span one or more association periods based on the number of valid ROs within one association period.
Proposal 4: Separate ROs or separate preamble on shared ROs can be used among RO groups for different number of multiple PRACH transmissions.

Proposal 5: For multiple PRACH transmissions with same beam, consider SSB-to-RO mapping enhancement to allow short latency among TDM’ed ROs for multiple PRACH transmission. 
Proposal 6: Multiple PRACH can be determined based on the SS-RSRP threshold for Msg3 repetition request.
Proposal 7: Multiple PRACH can be determined based on whether the calculated power of single PRACH reaches the maximum output power of UE. 
Proposal 8: Study the number of multiple PRACH transmission for different multiple PRACH attempts. 
Proposal 9: For multiple PRACH transmissions with same beam among different RACH attempts, following options can be considered.
· Option 1: Power ramping can be applied for the next attempt of multiple PRACH. The power of PRACH can be ramped with the increase of multiple PRACH attempt.
· Option 2: Power ramping is not applied for the next attempt of multiple PRACH. The number of multiple PRACH can be ramped with the increase of multiple PRACH attempt.
Proposal 10: Msg3 transmission power can be calculated based on the power ramping of one or all the PRACHs of multiple PRACH transmission in a RACH attempt. 
Proposal 11: The RAR window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the last PRACH occasion corresponding to the multiple PRACH transmission.
Proposal 12: The RA-RNTI can be calculated based on one PRACH of the multiple PRACH transmission.
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