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Introduction

RAN1 has made the following agreement regarding multiple PRACH transmission:

	Agreements at RAN1#112
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.

Agreements at RAN1#111

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.
Agreements at RAN1#110b-e

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.




In this contribution, we will discuss the RAN2 impact regarding multiple PRACH transmission.
Discussion
 Carrier selection
For R17 coverage enhancement as well as RACH partitioning, the criterion for carrier selection is not modified, i.e. no feature specific carrier selection criterion is introduced. The carrier selection of SUL/NUL is still based on the rsrp-ThresholdSSB-SUL, which is common for all the RACH configuration. For multiple PRACH transmission, we think the same principle can be reused.

The criterion for carrier selection for multiple PRACH transmission is based on the legacy rsrp-ThresholdSSB-SUL.
 Applicability of multiple PRACH transmission
For R17 coverage enhancement, the applicability check of coverage enhancement is performed after BWP selection and before RA type selection. The same principle can be applied for multiple PRACH transmission

The applicability of multiple PRACH transmission is performed after BWP selection and before RA type selection.
During R17 RACH partitioning discussion, the following principle was agreed:

	As a general rule, all RACH retransmissions (if any are needed, until RACH failure happens) shall be performed over the same RACH resources (and same carrier – NUL/SUL) as the one selected for initial RACH resource.


It means that the applicability of features are not rechecked for each RACH attempts during the RACH procedure. We think this principle should be kept for multiple PRACH transmision. This also applies to the criterion to determine the number of multiple PRACH transmissions, i.e. UE doesn’t re-determine the number of multiple PRACH transmissions for each RACH attempt. This also applies to the switch between CBRA and CFRA.
The applicability of multiple PRACH transmission is not rechecked for each RACH attempts during the RACH procedure.
The number of multiple PRACH transmissions doesn’t change during the RACH procedure.
Fallback from 2-step RA to 4-step RA
For Rel-17 RACH partitioning, fallback from 2-step RA to 4-step RA with the same feature combination is supported. But the fallback from 2-step RA to 4-step RA with different feature combination is not supported. The only exception is for RAN slicing, where 2-step slice specific RA to 4-step common RA is supported.

	
	Support or not

	2 step-> 4 step with the same feature combination
	Yes

	2 step-> 4 step with different feature combination
	No

	2 step feature combination -> 4 step with no feature combination
	Yes, but only for RAN slicing

	2 step feature combination -> 2 step with no feature combination
	No

	4 step feature combination -> 4 step with no feature combination
	No


The applicability of multiple PRACH transmission is not checked when RA is fallbacked from 2-step RA to 4-step RA.
 SSB selection
For release 17 RACH partitioning, feature combination specific SSB selection threshold can be configured.

FeatureCombinationPreambles-r17 ::=   SEQUENCE {

    featureCombination-r17                FeatureCombination-r17,

    startPreambleForThisPartition-r17     INTEGER (0..63),

    numberOfPreamblesPerSSB-ForThisPartition-r17 INTEGER (1..64),

    ssb-SharedRO-MaskIndex-r17            INTEGER (1..15)                                           OPTIONAL, -- Need S

    groupBconfigured-r17                  SEQUENCE {

        ra-SizeGroupA-r17                     ENUMERATED {b56, b144, b208, b256, b282, b480, b640,

                                                        b800, b1000, b72, spare6, spare5,spare4, spare3, spare2, spare1},

        messagePowerOffsetGroupB-r17          ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},

        numberOfRA-PreamblesGroupA-r17        INTEGER (1..64)

    }                                                                                               OPTIONAL, -- Need R

    separateMsgA-PUSCH-Config-r17         MsgA-PUSCH-Config-r16                                     OPTIONAL, -- Cond MsgAConfigCommon

    msgA-RSRP-Threshold-r17               RSRP-Range                                                OPTIONAL, -- Need R

    rsrp-ThresholdSSB-r17                 RSRP-Range                                                OPTIONAL, -- Need R

    deltaPreamble-r17                     INTEGER (-1..6)                                           OPTIONAL, -- Need R

    ...

}

 For multiple PRACH transmission, the feature combination specific SSB selection criterion is reused.
 PRACH configuration
PRACH configuration for multiple PRACH transmission can reuse the framework of PRACH configuration for feature combination. With regard to the relationship between R17 msg3 repetition and R18 multiple PRACH transmission, we think they are independent feature and can be independently configured, i.e. the configuration of R18 multiple PRACH transmission is not dependent on whether R17 msg3 repetition is configured or not. 
 For multiple PRACH transmission, the framework of PRACH configuration for feature combination is reused by considering multiple PRACH transmission as an independent R18 feature.
Group B support

For Rel17 coverage enhancement, msg3 repetition is supported for preamble group A and group B. For multiple PRACH transmission, we think it can also be applied to group B.
 Multiple PRACH transmission can be applied to both preamble Group A and Group B.
Conclusions  
The criterion for carrier selection for multiple PRACH transmission is based on the legacy rsrp-ThresholdSSB-SUL.
The applicability of multiple PRACH transmission is performed after BWP selection and before RA type selection.
The applicability of multiple PRACH transmission is not rechecked for each RACH attempts during the RACH procedure.
The number of multiple PRACH transmissions doesn’t change during the RACH procedure.
The applicability of multiple PRACH transmission is not checked when RA is fallbacked from 2-step RA to 4-step RA.
For multiple PRACH transmission, the feature combination specific SSB selection criterion is reused.
For multiple PRACH transmission, the framework of PRACH configuration for feature combination is reused by considering multiple PRACH transmission as an independent R18 feature.
 Multiple PRACH transmission can be applied to both preamble Group A and Group B.
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