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Introduction
In approved WID of Further NR coverage enhancements [1], the following justification regarding PRACH were made:
In Rel-17, PRACH coverage enhancement has not been addressed, despite being identified as one of the bottleneck channels in the corresponding studies. PRACH transmission is very important for many procedures, e.g., initial access and beam failure recovery.
In Rel-18, both RAN1 and RAN2 will works for specifying further uplink coverage enhancements for PRACH follows objectives of:
· 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.
To support multiple PRACH transmission, several aspects regarding condition for triggering multiple PRACH transmission and backward compatible with current RSRP threshold may need to be discussed.
Discussion
Repeat transmission of Msg1 and Msg3 in RA
In Rel-17, a mechanism for supporting enhancement of Msg3 transmission on PUSCH had been specified in coverage enhancements WI of NR. The mechanism enables a UE to perform Msg3 repetition (a.k.a multiple transmissions) to increase successful rate of reception as well as to increase coverage. However, Msg3 repetition may increase power consumption consumed by corresponding uplink transmission and may occupy much radio resource of PUSCH. Hence, the Msg3 repetition may be beneficial to be enabled only when it is needed. While configuring UE access control and RA corresponding configuration (i.e., RRC parameters), a gNB may indicate UE whether Msg3 repetition is supported in this cell. In addition, the gNB may be able to reserve particular PRACH resource individually for identifying which UE with capability of supporting feature of Msg3 repetition needs to be scheduled for Msg3 repetitions for an initiated RA procedure. A criterion for UE to determine whether to apply the reserved Msg3-repeat-specific PRACH resource for corresponding preamble transmission of the initiated RA procedure was defined as an RSRP threshold (i.e., rsrp-ThresholdMsg3) configured by RRC.
	rsrp-ThresholdMsg3
Threshold used by the UE for determining whether to select resources indicating Msg3 repetition in this BWP, as specified in TS 38.321. The field is mandatory if both set(s) of Random Access resources with MSG3 repetition indication and set(s) of Random Access resources without MSG3 repetition indication are configured in the BWP. It is absent otherwise.



RSRP thresholds configured for RA
As mentioned earlier, whether a UE to apply Msg3-repeat-specific PRACH resource for corresponding preamble transmission of the initiated RA procedure may be determined according to an reference signal measurement result and the configured rsrp-ThresholdMsg3. It is noted that, NR had already introduced several RSRP thresholds for RA procedure on different purposes since Rel.15 as shown in figure 1. Once a RA procedure is initiated by a UE, the UE may determine to apply PRACH resource associated with NUL carrier or SUL carrier according to a comparison of RSRP of the downlink pathloss reference and a 1st RSRP threshold (i.e., rsrp-ThresholdSSB-SUL) which introduced in Rel-15. Next, if both of the PRACH resource for 2-step RA and 4-step RA are configured, the UE may determine which type (i.e., 2-step RA or 4-step RA) to be applied according to a 2nd RSRP threshold (i.e., msgA-RSRP-Threshold). That is, the UE may determine to apply PRACH resource associated with either 2-step RA or 4-step RA according to another comparison on RSRP of the downlink pathloss reference and the msgA-RSRP-Threshold which was introduced in Rel-16. Besides the 1st and the 2nd thresholds, the UE may select PRACH resource associated with a proper SSB/CSI-RS according to either a 3rd RSRP threshold (i.e., rsrp-ThresholdSSB) introduced in Rel-15 or a 4th RSRP threshold (i.e., msgA-RSRP-ThresholdSSB) introduced in Rel-16. Generally, UE may only select a PRACH resource associated with a SSB/CSI-RS with RSRP equal or higher than either the 3rd or 4th RSRP threshold.



Figure 1 Example of an illustration of each RSRP threshold of RA introduced in NR

It is noted that, the relationship of each RSRP threshold illustrated in figure 1 is just an example. In Rel-17, the 5th RSRP (i.e., rsrp-ThresholdMsg3) threshold configured for determining Msg3 repetition is introduced. It is observed that whether to trigger multiple PRACH transmission may follow similar criteria defined in past releases.
Proposal 1: Whether to trigger multiple PRACH transmission for a UE is determined according to proper measurement on corresponding reference signal.
Proposal 2: UE apply PRACH resource configured to be associated with multiple PRACH transmission according to comparison among a measurement result and a RSRP threshold.

Once a UE determines whether to apply the Msg1-repeat-specific PRACH resource for corresponding preamble transmission of the initiated RA procedure which similar to the mechanism defined for Rel-17 Msg3 repetition, one open question might be whether a 6th RSRP threshold introduced for Msg1 repeat and the rsrp-ThresholdMsg3 may be configured by the gNB at the same time. Another related question is that whether the UE supporting both of Msg1 and Msg3 repetition (multiple transmission) may apply both criteria for an initiated RA to individually determine whether to perform multiple Msg1 transmission and whether to perform multiple Msg3 transmission. For reducing complexity on configuration aspect, it is beneficial for a UE to determine whether to perform multiple transmission for both Msg1 and Msg3 at the same time according to a single criteria. Hence, it is possible for a Rel-18 UE, once the UE determines to perform multiple Msg1 transmission, the UE also assume that the multiple grants for Msg3 may be scheduled by gNB to perform multiple transmissions.
[bookmark: _Hlk861261]Proposal 3: UE to determine whether to perform multiple transmission for both Msg1 and Msg3 at the same time according to a single criteria.

Conclusions
In this contribution, we discussed supporting of multiple PRACH transmission, several aspects regarding of condition for triggering multiple PRACH transmission and backward compatible with current RSRP threshold may needs to be discussed. We have the following proposals:
Proposal 1: Whether to trigger multiple PRACH transmission for a UE is determined according to proper measurement on corresponding reference signal.
Proposal 2: UE apply PRACH resource configured to be associated with multiple PRACH transmission according to comparison among a measurement result and a RSRP threshold.
Proposal 3: UE to determine whether to perform multiple transmission for both Msg1 and Msg3 at the same time according to a single criteria.
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