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1. Introduction
As is agreed in further NR coverage enhancement work item[1], coverage enhancements include multiple PRACH transmissions, including: 
	· 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.


In this contribution, we discuss the determination of multiple PRACH transmissions, multiplexing options, PRACH transmissions with different beams, candidate numbers for multiple PRACH transmissions and interplay with Msg3 transmission. Simulation results are provided.
2. Discussion
2.1 [bookmark: OLE_LINK9]Determination of the number of PRACH transmissions
A fundamental problem of multiple PRACH transmissions is which between UE and gNB determines determine the number of PRACH transmission(s). A proposal was made in RAN1#110b, based on which we provide our view in this section.
	Proposal 6-v2-A
For multiple PRACH transmissions with same beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions.
· FFS detailed scheme, e.g., the number of SSB-RSRP thresholds or whether other measured/computed metrics or conditions should be used together with SSB-RSRP thresholds.
· FFS: whether to link linkage to the SS-RSRP threshold for Msg3 repetition request.
· FFS: whether only applied to CBRA
· FFS: the impact from FBE.


PRACH repetition was introduced in Rel-13 LTE WIs of "Further LTE Physical Layer Enhancements for MTC" and “NarrowBand IOT (NB-IOT)” to extend coverage. A UE decides the repetition level for the initial PRACH transmission based on the estimated channel quality and configured threshold. The same method is used for NR Msg3 repetition and can also be reused for NR multiple PRACH transmissions. 
[bookmark: OLE_LINK14]For CBRA, especially for initial access, a UE has better knowledge of SSB RSRP than gNB in order to determine the number of PRACH transmission(s) by comparing the measured channel quality with a threshold. However, if gNB is aware of an RRC_Connected UE’s channel quality, for instance by a UE measurement report for a SSB, the gNB can signal a suitable PRACH configuration associated with the reported SSB for CFRA. In the case of handover or beam failure recovery, a UE suffers from poor channel quality. CFRA allows the UE to access the network with a unique PRACH preamble, and so without preamble collision. But CFRA itself doesn’t improve detection rate in SNR limited scenarios. Applying multiple PRACH transmissions to CFRA can improve PRACH detection rate in SNR limited scenarios, which is essential to the cases of handover and beam failure recovery.
Observation 1 Applying multiple PRACH transmissions to CFRA can improve PRACH detection rate, which is essential to the cases of handover and beam failure recovery.
Proposal 1 Support multiple PRACH transmissions for CFRA, where the number of PRACH transmission(s) is determined by gNB.
Proposal 2 UE determination of the number of PRACH transmissions by SSB-RSRP threshold(s) only applies to CBRA.
[bookmark: _Hlk115358283]A threshold, rsrp-ThresholdMsg3, was created for Rel-17 Msg3 repetition, based on which and together with the measured SSB RSRP, a UE decides whether to request Msg3 repetition. If a gNB allows UEs to initiate Rel-18 multiple PRACH transmissions with N different repetition factors, N new RRC parameters about RSRP threshold are needed. For a gNB, that supports both Msg3 repetition and Rel-18 multiple PRACH transmissions, it is worth considering if rsrp-ThresholdMsg3 can be used for UE to determine at least a repetition factor of PRACH transmissions, so as to define simply RRC parameters and reduce the SIB1 signaling overhead. 
Proposal 3 [bookmark: _Hlk118708802]Study how to use rsrp-ThresholdMsg3 for UE to determine at least one repetition factor for multiple PRACH transmissions.
2.2 PRACH multiplexing options
[bookmark: OLE_LINK17]There are several PRACH multiplexing options, including multiplexing in time domain, frequency domain and code domain. All these options are supported according to the following agreement. PRACHs multiplexed in frequency domain and code domain are simultaneously transmitted, while PRACHs multiplexed in time domain are non-simultaneous transmissions. 
	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.



2.2.1 Multiplexing in time domain
RACH resource configuration
Upon receiving a PRACH transmission in an RO, a gNB would determine if it is a single PRACH transmission or one of multiple PRACH transmissions for a RACH attempt. For CBRA, this can be implicitly determined by the gNB based on the received PRACH preamble and its RO, provided that separate RACH resources are configured for single PRACH transmission and multiple PRACH transmissions. RACH resource configuration was discussed in RAN1#110b without consensus. The latest proposal is as follows.
	Proposal -new-3
For multiple PRACH transmissions with same beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, 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.


Configuration of separate preambles in a shared RO is also known as preamble partitioning. All the preambles associated with a selected SSB in an RO are partitioned for Group A/B CBRA, CFRA and other purposes. In NR Rel-16, a new partition of preambles is allocated for 2-step RACH, which requires early UE indication. In Rel-17, four features, RedCap, Small Data, Msg3 repetition and Slicing, also needed partitions of preambles. When a new partition is added in an RO, the number of preambles available for legacy UEs decreases. The more partitions, the larger impact on legacy UEs. It was found out that the Rel-16 preamble partitioning alone is not sufficient to accommodate all the new Rel-17 partitions. To manage RACH resources for Rel-17 features as a whole, a Rel-17 RACH Indication and Partitioning (RIP) WI, led by RAN2, designed a framework so that a Rel-17 gNB can configure additional separate ROs for a Rel-17 feature combination, where each feature is configured with separate preambles in the shared RO. It is backward compatible in that the legacy partitions are supported in the additional ROs. It is also forward compatible when features in later releases are to be added, without impact on UEs of Rel-17 or earlier. 
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Observation 2 Rel-17 RIP designed a framework to use additional ROs, which are shared by Rel-17 features, which require early UE indication. It is backward compatible in that legacy partitions are supported in the additional ROs. It is forward compatible when features in later releases are to be added, without impact on UEs of Rel-17 or earlier.
[bookmark: OLE_LINK2]As can be foreseen, in Rel-18 considering both the NR coverage enhancement and NTN work items, multiple PRACH transmissions and probably PUCCH repetition for Msg4 HARQ/ACK require early UE indication. It was proposed in RAN1#110b that separate ROs for multiple PRACH transmissions are configured with a frequency and/or time domain offset to the legacy ROs. If only a small percentile of UEs in a cell support the feature, this would lead to an inefficient usage of RACH resources, which would be further aggravated with more offsets configured for other Rel-18 features. It is beneficial from the perspective of configuration complexity and resource efficiency, if RACH resources for legacy partitions and Rel-18 features, which require early UE indication, can be configured with a unified solution. It is up to RAN2 to decide how to configure RACH resources for Rel-18 multiple PRACH transmissions and possibly other Rel-18 features. From RAN1’s perspective, configuration of RACH resources for multiple PRACH transmissions by separate preambles in a shared RO and by separate ROs is sufficient for gNBs to differentiate between single and multiple PRACH transmissions. 
Observation 3 [bookmark: OLE_LINK3]It is beneficial from the perspective of configuration complexity and resource efficiency, if RACH resources for legacy partitions and Rel-18 features, which require early UE indication, can be configured with a unified solution, compared with separate ROs configured for multiple PRACH transmission only.
Proposal 4 Support configuration of RACH resources for multiple PRACH transmissions by separate preambles in a shared RO and by separate ROs. This is sufficient for gNB to differentiate between single and multiple PRACH transmissions.
Proposal 5 Send an LS to RAN2, informing RAN2 of RAN1’s agreement on the support of shared RO and separate RO for multiple PRACH transmissions, and that it is up to RAN2 to decide how to configure RACH resources for Rel-18 multiple PRACH transmissions and possibly other Rel-18 features. 

RO determination
In NR up to Rel-17, a UE’s MAC entity determines an available RO, permitted by ssb-SharedRO-MaskIndex, and then its physical layer will check if it is valid with the following validation rules in 38.213. If the RO is not valid, the UE drops PRACH transmission in the RO. 
	For paired spectrum or supplementary uplink band all PRACH occasions are valid. 
For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon , as described in clause 4.1
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1.


In our view, UE behaviour of dropping PRACH transmission in an invalid RO can be reused for Rel-18 multiple PRACH transmissions. For a particular PRACH repetition factor K, MAC entity determines K available ROs. PRACHs are transmitted in the valid ROs among the K ROs, which meet validation rules. If an RO is invalid, the UE drops the PRACH transmission. On the other hand, a UE is allowed to postpone PRACH transmission, which will cause confusion to the gNB in its determination of ROs for a RACH attempt.
Since SSB and RACH resources are separate RRC configurations with different time domain patterns, validation rules were specified for cases where it is difficult to avoid conflict between the SSBs and RACHs. RACH configuration gets complicated with Rel-18 multiple PRACH transmissions in that specific RACH resources correspond to a RACH attempt. For example, suppose a UE determines two PRACH transmissions by its measured RSRP. Figure 1 shows four ROs, which are configured with preambles for K=2. PRACH transmissions in RO#1 and RO#2 correspond to one RACH attempt, and those in RO#3 and RO#4 are for another RACH attempt. In case RO#1 is invalid, if the UE postpones the dropped PRACH transmission in RO#1 and transmits PRACHs in RO#2 and RO#3, gNB would think PRACHs in RO#2 and RO#3 are of two RACH attempts from two UEs respectively and won’t combine them for the UE. Actually, UE complexity is increased with the back and forth between UE’s MAC layer and physical layer, since MAC entity has to determine a new RO to compensate the invalid RO considered by physical layer. To prevent this, multiple PRACH transmissions from a UE should be for a RACH attempt and with the corresponding resources. The legacy rule of timing requirement of Msg1 retransmission, i.e., a different RACH attempt, still holds. 
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Figure 1, association of two ROs with multiple PRACH transmissions of a RACH attempt
Observation 4 If one of the available ROs determined by MAC entity is invalid, postponing the RACH transmission to a later RO may cause the multiple PRACHs transmitted in ROs configured for different RACH attempts, and gNB would not be able to combine them for the UE.
Proposal 6 [bookmark: _Hlk115358320]Multiple PRACH transmissions from a UE are with RACH resources configured for a RACH attempt. The legacy rule of timing requirement of Msg1 retransmission still holds.
2.2.2 Multiplexing in frequency or code domain
It was agreed in RAN1#110b to further study the simultaneous PRACH transmissions. It includes PRACH transmissions in FDMed ROs and transmissions of different preambles in one RO. 
	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.


Simultaneous PRACH transmissions can be considered for a UE with multiple Tx chains, where each PRACH is transmitted with one Tx chain. If the UE doesn’t support antenna virtualization or Tx Diversity, a PRACH transmission is always transmitted with one Tx chain.  Such a UE will need to have at least one full power Tx chain in order to transmit PRACH at its rated power using Rel-17 procedures.  However, this UE could transmit half power on each of its Tx chains in two different FDMed or CDMed ROs, thereby avoiding the full power Tx chain requirement for PRACH for this UE.  
Multiple Tx chains with a single RACH transmission could also provide Tx diversity gains with a single time domain RACH transmission, thereby minimizing latency.  Furthermore, frequency and spatial diversity mechanisms naturally combine when Tx chains transmit in different frequency domain ROs, which can be beneficial in channels where frequency or spatial diversity is limited.
While multiple Tx chain transmission can have benefits, it may also have drawbacks.  Therefore, further study is needed to see if there are net performance gains. 
Observation 5 Simultaneous transmissions has potential to benefit from spatial diversity gain of multiple Tx chains and FDMed PRACHs may additionally leverage frequency diversity gain. Such schemes can allow minimal latency may also allow more flexible PA power configurations. However, further study is needed to determine the possible performance gains from such schemes.
[bookmark: OLE_LINK7]The only different specification impact of simultaneous PRACH transmissions from TDMed PRACH transmissions is the association of multiple preamble indices in an RO and association of multiple FDMed ROs with a RACH attempt for a UE. Otherwise, a gNB would assume they are transmitted from different UEs and not able to combine them for the UE. 
Proposal 7 [bookmark: _Hlk115358380]Study simultaneous PRACH transmissions in Rel-18, including the association of different preambles in a RO and different FDMed ROs to one RACH attempt from a UE, and the performance of such schemes.
2.3 Multiple PRACH transmissions with different beams
In this section, we discuss PRACH transmissions with different beams for 4-step RACH procedure, the study part of Rel-18 further NR coverage enhancement WI. A note in [1] says the enhancements of PRACH are targeting for FR2, so we focus on FR2 in this section. 
In NR up to Rel-17, a UE transmits a PRACH preamble in a PRACH occasion associated with a selected SSB, and gNB receives PRACH with the associated SSB beam. In FR2, it is up to UE implementation to determine its uplink beam for PRACH transmission depending on its capability of beam correspondence. If a UE is incapable of beamCorrespondenceWithoutUL-BeamSweeping, it has to rely on multiple UL transmissions with beam sweeping and gNB indication of a proper UL beam for the following UL transmission. But this is impossible for the legacy single PRACH transmission. It is very likely that an autonomously selected UL Tx beam doesn’t match the channel or gNB UL Rx beam. To be on the safe side, such UEs transmit PRACH with a wide uplink beam, with the beam width probably larger than the selected SSB. Nevertheless, the transmission power on main lobe outside of the SSB is wasted. The enhancement of multiple PRACH transmissions with different beams creates a possibility of beam sweeping, so that such UEs can transmit PRACHs by sweeping different narrow beams with possible better directivity.
Observation 6 The enhancement of multiple PRACH transmissions with different beams benefits UEs incapable of beamCorrespondenceWithoutUL-BeamSweeping, so that they can transmit PRACHs by sweeping different narrow beams with possible better directivity.
On the other hand, UEs capable of beamCorrespondenceWithoutUL-BeamSweeping can determine an uplink beam according to a proprietary beam refinement procedure before initiating a random access procedure. However, such UEs may still benefit from PRACH transmissions with beam sweeping, considering the time varying channel and inaccurate beam correspondence.
Observation 7 Multiple PRACH transmissions with different beams also benefit UEs capable of beamCorrespondenceWithoutUL-BeamSweeping, considering the time varying channel and the beam correspondence tolerance.
The abovementioned options are listed in Table 1 for Option 1 multiple PRACH transmissions with the same beam and Option 2 with different beams. Option 1-1 is for UEs capable of beamCorrespondenceWithoutUL-BeamSweeping. They are able to select an ideal beam out of candidate narrow beams, and PRACH transmissions are performed with the same refined beam. With Option 1-2, UEs transmit PRACHs with the same wide beam. Option 2, beam sweeping can be considered to simulate transmissions with different beams, which applies to both kinds of UEs.
Proposal 8 [bookmark: _Hlk118559078]Consider multiple PRACH transmissions with the same beam and with different beams for UEs capable and incapable of beamCorrespondenceWithoutUL-BeamSweeping. For PRACH transmissions with the same beam, the two kinds of UEs transmit PRACHs with the same refined beam and the same wide beam respectively. 
Table 1: Options of multiple PRACH transmissions for different UE capabilities
	UE capabilities
	Option 1, multiple PRACH transmissions with the same beam
	Option 2, multiple PRACH transmissions with different beams

	UE capable of beamCorrespondenceWithoutUL-BeamSweeping
	Option 1-1 (the same best beam)
	Option 2 (beam sweeping)

	UEs incapable of beamCorrespondenceWithoutUL-BeamSweeping
	Option 1-2 (the same wide beam)
	


2.3.1 Simulation assumptions
From the simulations submitted to RAN1#110b, companies used different simulation assumptions in TR 38.830 and different beam forming methods to generate narrow beams. We provide our views on both aspects.
A general proposal was made in RAN1#110b.
	Proposal 9-v2
· Companies are encouraged to provide simulation results for multiple PRACH transmissions with different and same beam(s) in the next meeting.
· Simulation assumptions in TR 38.830 are used for the simulation. 
· Both UE capable of beamCorrespondenceWithoutUL-BeamSweeping and UE incapable of beamCorrespondenceWithoutUL-BeamSweeping can be considered in the simulation.


[bookmark: OLE_LINK10][bookmark: OLE_LINK8]Simulation assumptions in TR 38.830 include both TDL and CDL channel models, UE antenna configurations for FR1 and FR2. Some companies used simulation assumptions in TR 38.830, e.g., frequency band in FR1, UE antenna configuration of {1,4,2} and TDL-A channel, in their simulations submitted to RAN1#110b. The latter two are for FR1. Since the WID says “The enhancements of PRACH are targeting for FR2”, we propose to focus on FR2 simulation assumptions in TR 38.830, which refer to UE antenna configuration [2 2 2] and CDL-A channel defined by Table 7.7.1-1 in 38.901 for PRACH transmissions with the same beam and PRACH transmissions with different beams.
Proposal 9 Simulate multiple PRACH transmissions with the same and different beam(s)
· Simulation assumptions in TR 38.830 are used for the simulation. 
· The simulations focus on FR2.
· Metric: Missed detection rate vs. SNR, at false alarm rate of 0.1%
· CDL-A channel defined by Table 7.7.1-1 in 38.901 is used for PRACH transmissions with the same beam and PRACH transmissions with different beams.
· Both UE capable of beamCorrespondenceWithoutUL-BeamSweeping and UE incapable of beamCorrespondenceWithoutUL-BeamSweeping can be considered in the simulation.
· UE antenna configuration [2 2 2] from TR38.830 is used for PRACH transmissions with the same beam and PRACH transmissions with different beams.
From the simulations submitted to RAN1#110b, companies used different beam forming methods to generate narrow beams. We have the following suggestion and provide our rationale of beam forming below.
Proposal 10 Companies providing simulation results for multiple PRACH transmissions with different beams should identify, for each number of PRACHs, the number of beams, the beam widths, and the boresights that are used.
The number of swept beams in the beam set is equal to the number of PRACH transmissions. The rationale is that with a higher number of PRACH transmissions, a UE sweeps narrower beams. Different numbers of UE antenna elements are used to generate different numbers of beams for beam sweeping option. The UE antennas used in our simulation are as follows.
Option 2, PRACH transmissions with beam sweeping
· with 2 beams: 2x1x2 (2 dual polarized antenna pairs)
· with 4 beams: 2x2x2 (4 dual polarized antenna pairs)
· with 8 beams: 2x2x2 (4 dual polarized antenna pairs), with a vertical oversampling rate of 2
Option 1, PRACH transmissions with the same beam
· Option 1-1, the same best beam: one of 8 candidate beams, which matches the channel best.
· Option 1-2, the same wide beam: 1x1x2 (1 dual polarized antenna pair)
As abovementioned, more antenna elements are used to generate narrow beam in the scenarios of Option 1-1 and Option 2, compared with the small number of antenna elements used for a wide beam with Option 1-2. To keep a fair comparison between PRACH transmissions with wide beam and narrow beam, the same TRP is assumed in our simulation. 
[bookmark: _Hlk115428519]According to the UE antenna configuration {2,2,2}, which is recommended for FR2 in TR38.830, in our simulation, there are always two vertical beams. To cover all the possible channel directions by beam sweeping, horizontal beams cover AOD -pi~pi evenly. We set the first horizontal beam with an angle of -pi. The angel sets are as follows.
· 2 PRACH transmissions
· Azimuth angle set =a wide beam
· Zenith angle set = [0, pi/2] 
· 4 PRACH transmissions
· Azimuth angle set = [-pi, 0], AOD degrees -180~180 evenly divided by 2 horizontal beams
· Zenith angle set = [0, pi/2]
· 8 PRACH transmissions
· Azimuth angle set = [-pi, -pi/2, 0, pi/2], AOD degrees -180~180 evenly divided by 4 horizontal beams
· Zenith angle set = [0, pi/2]
2.3.2 Simulation results
Since Option 2 PRACH transmissions with different beams is the study part, we compare it with Option 1-1 PRACH transmissions with the same best beam in Figure 3 and with Option 1-2 PRACH transmissions with the same wide beam in Figure 4. In Figure 3, for the same number of PRACH transmissions, about 5dB loss is observed for beam sweeping option, compared with transmissions with the same best beam. A single PRACH transmission with the best beam performs better than beam sweeping with four beams. For a UE capable of ideal beam selection with beamCorrespondenceWithoutUL-BeamSweeping, transmissions with its refined beam work much better than the random beam sweeping. 
Observation 8 For the same number of PRACH transmissions, the transmissions with different beams (beam sweeping) has a loss of about 5dB compared with transmissions with the same best beam. A single PRACH transmission with the best beam performs better than UE sweeping four beams.
[image: 图表

描述已自动生成]
Figure 3: PRACH repetition with Option 1-1 and Option 2
As observed in Figure 4, PRACH transmissions with beam sweeping has about 1dB gain over transmissions with the same wide beam.
Observation 9 PRACH transmissions with different beams (beam sweeping) outperforms the transmissions with the same wide beam by about 1dB for the same number of transmissions.
[image: 图表

描述已自动生成]
Figure 4: PRACH transmission with Option 1-2 and Option 2
In Figure 3 and Figure 4, about 2dB gain is observed when the number of PRACH transmissions doubles, and the gain decreases when the number of PRACH transmissions increases. It is observed for PRACH transmissions with the same best beam, the same wide beam, or with different beams.
Observation 10 About 2dB gain is observed when the number of PRACH transmissions doubles, and the gain slightly decreases when the number of PRACH transmissions increases. It is observed for PRACH transmissions with the same best beam, the same wide beam, or with different beams.
2.4 [bookmark: _Hlk115260835][bookmark: _Hlk95308462]Candidate values for the number of multiple PRACH transmissions
{2, 4, 8} were proposed as candidate values for the number of multiple PRACH transmissions in the last RAN1 meeting. These numbers are common repetition factors for other physical channels and are logical in that sense. However, some issues are to be solved ahead of agreeing on the values.
	Proposal 5-v1
Working assumption
Support at least {2 ,4, [8]} for the number of multiple PRACH transmissions with same beams.
FFS other numbers.


Some companies claimed that Rel-18 PRACH enhancement target is 7.57dB based on “Relative difference vs. PUCCH Format 1” in Table 5.2.2-1 in TR 38.830. In Rel-17 Coverage Enhancement SI, PUCCH Format 1 was a baseline to compare with many physical channels, but it is not well-grounded that it is the Rel-18 PRACH enhancement target. As observed in section 2.5, in FR2, the basic Rel-15 PRACH transmission outperforms the best performance of Rel-17 Msg3 repetition by 1.7 dB. With a large repetition factor for PRACHs, the performance of RACH process is still blocked by Msg3 and won’t get improved. Therefore, Msg3 performance can be taken into account when discussing the candidate numbers.
Table 5.2.2-1: Potential bottleneck channels for FR2
	Scenario
	Target metrics
	Channels (and Frame format)
	MIL

	
	
	
	Number of samples
	Representative value
	Standard Deviation (w/o outlier)
	[bookmark: OLE_LINK13]Relative difference vs. PUCCH Format 1

	Urban 28GHz TDD NLOS O2I
	Scenario dependent target
ISD=200m
	PUSCH eMBB DDDSU
	9
	125.31
	3.78
	-17.83

	
	
	PUSCH eMBB DDSU
	3
	123.94
	1.74
	-19.20

	
	
	PUCCH Format 3 11bits
	8
	142.27
	3.16
	-0.86

	
	
	PUCCH Format 3 22bits
	7
	139.18
	2.58
	-3.96

	
	
	PRACH Format B4
	6
	141.22
	5.70
	-1.92

	
	
	PUSCH of Msg3
	7
	139.72
	5.69
	-3.41

	Urban 28GHz TDD NLOS O2O
	Scenario dependent target
ISD=200m
	PUSCH eMBB DDDSU
	9
	123.60
	1.73
	-20.10

	
	
	PUSCH eMBB DDSU
	3
	123.99
	1.78
	-19.71

	
	
	PRACH Format B4
	5
	136.13
	0.88
	-7.57



As discussed in section 2.3, UEs with different capabilities of beam correspondence may transmit multiple PRACHs with the same best beam or with the same wide beam. PRACH transmissions with the same wide beam is the worst case, which can be the basis to determine the maximum number of multiple PRACH transmissions with the same beam. 
Proposal 11 [bookmark: _Hlk118559252]When studying the number of multiple PRACH transmissions to be supported, 
· PRACH transmissions with the same wide beam is the basis to determine the maximum number of multiple PRACH transmissions with the same beam.  
· Evaluate the difference in Msg3 and PRACH performance
2.5 Interplay with Msg3 repetition
Msg3 has been identified as a coverage bottleneck and was improved in Rel-17. We simulated Msg3 repetition with the same wide beam in FR2 and compare it with the baseline single PRACH transmission with a wide beam, and the simulation assumptions can be found in Appendix. It is observed in Figure 5 that even with a maximum of eight repetitions and inter-slot frequency hopping, the required SNR for Msg3 at 10% BLER is 1.7 dB higher than that of a single PRACH transmission at 1% mis-detection and is 4.5 dB more for 10% mis-detection rate. With Rel-18 PRACH enhancement, the performance gap between Msg1 and Msg3 would grow, and the overall success rate of RACH procedure is restricted by Msg3 performance. Therefore, Msg3 needs further enhancement to be on par with Rel-18 PRACH.
Observation 11 [bookmark: OLE_LINK15]In FR2, the required SNR for Msg3 with 8 repetitions and inter-slot frequency hopping at 10% BLER is 1.7 dB higher than that of a single PRACH transmission with a wide beam and 8 dB higher than a single PRACH transmission with the best beam for 1% missed detection. The gap could be 4.5 dB more for 10% mis-detection rate.
Observation 12 With Rel-18 PRACH enhancement, the performance gap between Msg1 and Msg3 would grow. Msg3 needs further enhancement to be on par with Rel-18 PRACH.

 
Figure 5: Msg3 repetition and single PRACH transmission with a wide beam in FR2
The determination of UL Tx beam for Msg3 transmission is up to UE implementation. In Rel-18, the PRACH transmissions with different beams are received by gNB with different SNR. If a best UL beam can be indicated to UE for Msg3 transmission, it can benefit from the beamforming gain. More gains can be expected if Msg3 is repeated with the same best beam. The beam indication for Msg3 transmission can improve Msg3 performance for UEs incapable of beam correspondence. It helps UEs capable of beam correspondence as well, given the factors like time varying channel.
Proposal 12 [bookmark: _Hlk115428534][bookmark: _Hlk115361663]Study how Msg3 performance can be improved by PRACH transmissions with different beams
3 Summary
In this contribution, we have discussed some issues related to multiple PRACH transmissions including:
· Determination of multiple PRACH transmissions
· Multiplexing options
· PRACH transmissions with different beams
· [bookmark: OLE_LINK20]Candidate numbers for multiple PRACH transmissions
· Interplay with Msg3 transmission
Based on the discussion, we make the following proposals:
Proposals:
1. Support multiple PRACH transmissions for CFRA, where the number of PRACH transmission(s) is determined by gNB.
2. UE determination of the number of PRACH transmissions by SSB-RSRP threshold(s) only applies to CBRA.
3. Study how to use rsrp-ThresholdMsg3 for UE to determine at least one repetition factor for multiple PRACH transmissions.
4. Support configuration of RACH resources for multiple PRACH transmissions by separate preambles in a shared RO and by separate ROs. This is sufficient for gNB to differentiate between single and multiple PRACH transmissions.
5. Send an LS to RAN2, informing RAN2 of RAN1’s agreement on the support of shared RO and separate RO for multiple PRACH transmissions, and that it is up to RAN2 to decide how to configure RACH resources for Rel-18 multiple PRACH transmissions and possibly other Rel-18 features. 
6. Multiple PRACH transmissions from a UE are with RACH resources configured for a RACH attempt. The legacy rule of timing requirement of Msg1 retransmission still holds.
7. Study simultaneous PRACH transmissions in Rel-18, including the association of different preambles in a RO and different FDMed ROs to one RACH attempt from a UE, and the performance of such schemes.
8. Consider multiple PRACH transmissions with the same beam and with different beams for UEs capable and incapable of beamCorrespondenceWithoutUL-BeamSweeping. For PRACH transmissions with the same beam, the two kinds of UEs transmit PRACHs with the same refined beam and the same wide beam respectively. 
9. Simulate multiple PRACH transmissions with the same and different beam(s)
· Simulation assumptions in TR 38.830 are used for the simulation. 
· The simulations focus on FR2.
· Metric: Missed detection rate vs. SNR, at false alarm rate of 0.1%
· CDL-A channel defined by Table 7.7.1-1 in 38.901 is used for PRACH transmissions with the same beam and PRACH transmissions with different beams.
· Both UE capable of beamCorrespondenceWithoutUL-BeamSweeping and UE incapable of beamCorrespondenceWithoutUL-BeamSweeping can be considered in the simulation.
· UE antenna configuration [2 2 2] from TR38.830 is used for PRACH transmissions with the same beam and PRACH transmissions with different beams.
10. Companies providing simulation results for multiple PRACH transmissions with different beams should identify, for each number of PRACHs, the number of beams, the beam widths, and the boresights that are used.
11. When studying the number of multiple PRACH transmissions to be supported, 
· PRACH transmissions with the same wide beam is the basis to determine the maximum number of multiple PRACH transmissions with the same beam.  
· Evaluate the difference in Msg3 and PRACH performance
12. Study how Msg3 performance can be improved by PRACH transmissions with different beams
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5 Appendix: Simulation parameters
Table 1: Simulation parameters
	 Frequency Range
	FR2

	Carrier
	28GHz

	TDD pattern
	DDDSU

	SCS
	120kHz

	Channel model
	CDL-A

	Delay spread
	100 ns

	UE antennas
	[2 2 2]

	ISD
	200 m

	BS antennas
	[1 2 2] 

	MCS index for Msg 3
	MCS=0

	Waveform
	DFT-S-OFDM

	FH offset
	50 PRBs

	PRACH Format
	B4

	Performance metric
	Missed detection rate at 0.1% false alarm probability

	UE speed
	3 km/h
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