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1 	Introduction	
In NR coverage enhancements, it is agreed to support PRACH repetition, at least for same beams. The corresponding objective in WID [1] is as follows:
	The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· 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.


This contribution continues the discussions on signalling aspects on PRACH repetition.
2	Discussion
PRACH partitioning to support PRACH repetition
In the RAN1#112bis-e meeting[2], the following working assumption is confirmed as agreements and related LS [3] is sent to RAN2. In detail, it is agreed that the RA resource for PRACH repetition and the RA resource for single PRACH transmission are separated using separate ROs or using separate RA preamble on shared ROs:
	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.






On the other hand, in RAN2#121bis-e meeting [4], it is already agreed to reuse Rel-17 RACH partitioning framework in order to support a separate RACH resource for PRACH repetition. In addition, the RA resource separation with different repetition number is also supported using the RACH partitioning framework:
	Agreements

· Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g. we should not use all the spare values in the current IE)



In RACH partitioning framework in Rel-17, four spare fields are reserved in order to support the additional RACH partitioning functionalities for the future release. Reserved spare fields should be used for new feature indication in order to define the separate feature for PRACH repetition. 
However, the separate RACH resource for different number of PRACH repetition should not be configured by the separate feature indication. Given that there are only four spare fields remained for additional feature indication, using the separate spare field for each number of PRACH repetitions would cause restriction to other WIs which need a spare field for RACH partitioning functionality. Therefore, for the feature indication for PRACH repetition, one common spare field should be used for PRACH repetition. An example feature indication can be defined as follows:
	-- ASN1START
-- TAG-FEATURECOMBINATION-START

FeatureCombination-r17 ::= SEQUENCE {
    redCap-r17                 ENUMERATED {true}                                   OPTIONAL,  -- Need R
    smallData-r17              ENUMERATED {true}                                   OPTIONAL,  -- Need R
    nsag-r17                   NSAG-List-r17                                       OPTIONAL,  -- Need R
    msg3-Repetitions-r17       ENUMERATED {true}                                   OPTIONAL,  -- Need R
    Msg1-Repetitions-r18       ENUMERATED {true}                                   OPTIONAL,  -- Need R
    spare3                     ENUMERATED {true}                                   OPTIONAL,  -- Need R
    spare2                     ENUMERATED {true}                                   OPTIONAL,  -- Need R
    spare1                     ENUMERATED {true}                                   OPTIONAL   -- Need R
}

NSAG-List-r17 ::= SEQUENCE (SIZE (1.. maxSliceInfo-r17)) OF NSAG-ID-r17

-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP



Proposal 1. One spare field is commonly used for each number of PRACH repetitions.
Meanwhile, in RAN1#112[5], it is agreed that the RACH resource for different numbers of PRACH repetition would be separated.
	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
Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.



However, the details of RACH resource differentiation for different repetition number is FFS. In other words, whether to support the shared RO with preamble partitioning for different repetition number is not confirmed in RAN1.
	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



In order to support the RACH resource differentiation for different number of PRACH repetition, it is proposed to configure the repetition number within the feature combination configuration for PRACH repetition (i.e., in FeatureCombinationPreambles IE with featureCombination = Msg1-repetition). The detailed signalling would be different depending on RAN1 discussion, e.g., whether the shared RO with preamble partitioning is supported for different number of PRACH repetition.
Proposal 2. The PRACH repetition number is configured within the RACH configuration of PRACH repetition. Further details are FFS. 

RSRP threshold PRACH repetition
According to the RAN1 discussion in RAN1#111 meeting, at least SSB-RSRP threshold is needed for each repetition number, in order to determine whether to perform numbers of PRACH repetition and to decide the PRACH repetition number in first RA attempt. 
	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.



In order to configure the RSRP threshold for each PRACH repetition number, following options can be considered:
· Option 1: the RSRP threshold for each PRACH repetition number is configured in each RACH partition, i.e., new parameter to configure RSRP threshold is defined in FeatureCombinationPreambles when the corresponding feature indication (i.e., FeatureCombination) indicates the PRACH repetition.
· Option 2: the RSRP threshold for each PRACH repetition number is configured in BWP configuration (e.g., within BWP-UplinkCommon)
The main difference between Option 1 and Option 2 is whether the RSRP threshold for each PRACH repetition number is common for the multiple RACH configurations within the BWP. Given that RACH partition is selected after the BWP selection and before the RA type selection, it is reasonable to apply the common RSRP threshold within the selected BWP. In addition, RSRP threshold for Msg3 repetition is already configured in BWP configuration in Rel-17 and the same principle could be applied here for the PRACH repetition in Rel-18. Therefore, it is proposed to configure common RSRP thresholds for each PRACH repetition number in BWP configuration.
Proposal 3. RSRP thresholds for each PRACH repetition number are configured within BWP configuration.
Meanwhile, in Rel-17 Msg3 repetition, the RSRP threshold may not be configured when the BWP is configured only with the RACH partition for Msg3 repetition. Similarly, when the BWP is configured with RACH partition(s) which has same PRACH repetition number, the PRACH repetition may be always performed without checking the RSRP for downlink pathloss reference. In this sense, RSRP threshold for PRACH repetition is not needed when the BWP is configured only with the same PRACH repetition number.
Proposal 4. No need to configure RSRP threshold for PRACH repetition if the BWP is configured only with the same PRACH repetition number.
3	Conclusion
In this paper, we discussed our views on signalling aspects to support the PRACH repetition. The discussion includes the following proposals:
Proposal 1. One spare field is commonly used for each number of PRACH repetitions.
Proposal 2. The PRACH repetition number is configured within the RACH configuration of PRACH repetition. Further details are FFS. 
Proposal 3. RSRP thresholds for each PRACH repetition number are configured within BWP configuration.
Proposal 4. No need to configure RSRP threshold for PRACH repetition if the BWP is configured only with the same PRACH repetition number.
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