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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 the number of PRACH transmissions, multiplexing in frequency or code domain, RACH resource configuration, 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
The following agreement was made in RAN1#111 on how a UE determines the number of PRACH transmissions with the same Tx beam. But there are some remaining issues, for which we provide our views in this section.
	Agreement
· [bookmark: OLE_LINK5]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.


The first issue is whether the agreement can apply to CFRA. Since NR Rel-15, if a gNB is aware of an RRC_Connected UE’s channel quality, for instance by UE measurement report of SSB RSRP, it can signal dedicated RACH resource for CFRA, without the risk of preamble collision with another UE. In the case of handover or beam failure recovery, where a UE suffers from poor channel quality, CFRA allows the UE to access the network with a unique PRACH preamble. But CFRA itself doesn’t improve PRACH mis-detection rate in SNR limited scenarios. Applying Rel-18 multiple PRACH transmissions to CFRA can improve the mis-detection rate, which is essential to the cases of handover and beam failure recovery. The number of PRACH transmissions for CFRA can be determined and indicated by gNB. Therefore, UE determination of the number of PRACH transmissions only applies to CBRA.
Observation 1 [bookmark: _Toc127534099]Applying multiple PRACH transmissions to CFRA can improve PRACH mis-detection rate, which is essential to the cases of handover and beam failure recovery.
Proposal 1 [bookmark: _Toc127533651]Support multiple PRACH transmissions for CFRA, where the number of PRACH transmission(s) is determined and indicated by gNB.
Proposal 2 [bookmark: _Toc127533652]UE determination of the number of PRACH transmissions by at least SSB-RSRP threshold(s) only applies to CBRA.
[bookmark: OLE_LINK6][bookmark: OLE_LINK12]The second issue is the relationship between the Rel-18 SSB-RSRP threshold(s) for multiple PRACH transmissions and rsrp-ThresholdMsg3, the Rel-17 SSB-RSRP threshold for Msg3 repetition. According to the agreement, if a gNB supports Rel-18 multiple PRACH transmissions with the repetition factors of 2, 4, and 8, three new SSB-RSRP thresholds are to be configured. Meanwhile, if it supports Rel-17 Msg3 repetition as well, the legacy threshold is needed. All the Rel-17 and Rel-18 SSB-RSRP thresholds are possibly configured in SIB1 and work in the similar way, where the measured SSB RSRP is compared with the thresholds. It is worth studying how to simplify the configuration of SSB RSRP thresholds for multiple PRACH transmissions and Msg3 repetition and reduce gNB complexity, for instance by using rsrp-ThresholdMsg3 for UEs to determine at least one repetition factor for PRACH transmissions. 
Proposal 3 [bookmark: _Hlk118708802][bookmark: _Toc127533653][bookmark: _Hlk115358283]Study how to simplify the configuration of SSB-RSRP thresholds for multiple PRACH transmissions and Msg3 repetition and reduce gNB complexity, for instance by using rsrp-ThresholdMsg3 for UEs to determine at least one repetition factor for PRACH transmissions.
[bookmark: OLE_LINK14][bookmark: OLE_LINK25]Since the agreement above only considers DL RSRP as a determining factor of PRACH repetition factor, UE power class was proposed as well for UE determination of PRACH repetition factor. UE Power Classes define the maximum output power, PPowerClass. In particular, FR1 UEs of PC1, PC1.5, PC2, or PC3 have corresponding PPowerClass of 31, 29, 26, or 23 dBm. With the same measured SSB RSRP, UEs of different power classes may transmit a single PRACH with different output powers and have divergent PRACH performances. The PRACH performance difference will be exacerbated with Rel-18 multiple PRACH transmissions. Thus, it is reasonable to include UE transmission power in the determination of PRACH repetition factor.
Observation 2 [bookmark: _Toc127534100]The wide range of PRACH transmission power results in divergent PRACH performance, which will be exacerbated with Rel-18 multiple PRACH transmissions. It is reasonable to include UE transmission power in the determination of PRACH repetition factor.
Now we discuss how to include UE transmission power into the determination of PRACH repetition factor. The biggest factor setting the transmission power is power control. For FR2, the power control range is e.g. ~36 dB for power class 3, and the power control error for initial transmissions is roughly +/-12 dB.   Maximum power reduction (MPR) also contributes to transmit power variation. Since UE power headroom is a comprehensive result of factors of PCMAX,f,c, power control and ramping, PPowerClass, power backoff, PRACH’s target received power, and pathloss, it can therefore be used by a UE to determine the number of PRACH transmissions in both FR1 and FR2. Meanwhile, UE power class determines PPowerClass, but all of power backoff, MPE event, and UE power class fallback due to UL duty cycle affect PCMAX,f,c, so that UEs of the same power class and DL pathloss may transmit PRACH with different transmission power. Therefore, power headroom is a more accurate factor than UE power class for UE to determine the number of PRACH transmissions.
Observation 3 [bookmark: _Toc127533696][bookmark: _Toc127533920][bookmark: _Toc127533946][bookmark: _Toc127533974][bookmark: _Toc127534101][bookmark: _Toc127534102][bookmark: _Toc127534103]UE power class determines PPowerClass, but power backoff, MPE event and UE power class fallback due to UL duty cycle affect PCMAX,f,c, so that UEs of the same power class and DL pathloss may transmit PRACH with different transmission power.
Proposal 4 [bookmark: _Toc127533654]UE power headroom is used for UE determination of the number of PRACH transmissions with the same Tx beam.
2.2 PRACH multiplexing in frequency or code domain
PRACH transmissions multiplexed in time domain, also known as TDM approach, was agreed in RAN1#110b. What is to be studied is the simultaneous PRACH transmissions by a UE with FDM or CDM approach. With FDM approach, multiple PRACHs are respectively transmitted in different frequency domain ROs at the same time instance. With CDM approach, a UE transmits different preambles in one RO. In this section, we discuss the different approaches and provide some simulation result.
	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.


With FDM approach, as illustrated in Figure 1(a), a UE can simultaneously transmit two PRACHs, each with one Tx chain but at half power, to reach a given total target power. CDM approach of multiple PRACH transmissions is illustrated in Figure 1(b), where two preambles in one RO are transmitted, each with half power from a respective Tx chain. In both cases of simultaneous PRACH transmissions, the use of multiple Tx chains could provide Tx diversity gains. With FDM approach, the spatial diversity and frequency diversity naturally combine when Tx chains transmit in different frequency domain ROs, which can be beneficial in channels where frequency or spatial diversity is otherwise limited.
To compare with the baseline TDM approach, the same total PRACH transmission power should be guaranteed. Thus, we compare between the two simultaneous PRACH transmissions, each with half power, and a single PRACH transmission with full power. Given different UE capabilities of supporting transparent Tx Diversity or antenna virtualization, a single PRACH can be transmitted in two ways. For a UE not supporting transparent Tx diversity, as illustrated in Figure 1(c), a PRACH is transmitted with one Tx chain. Such a UE needs at least one full power Tx chain in order to transmit a single PRACH at its rated power. A UE supporting Tx diversity can transmit the single PRACH from both Tx chains, each with half power, as shown in Figure 1(d).  Note that not all UEs that have multiple Tx chains necessarily have transparent TxD capability, since this depends on UE implementation including antenna designs. 
Observation 4 [bookmark: _Toc127534104]Simultaneous multiple PRACH transmissions with different Tx chains by FDM or CDM has the potential to benefit from spatial diversity and frequency diversity.
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Figure 1: FDM, CDM, and TDM approaches of PRACH transmissions
[bookmark: OLE_LINK16]We configured a TDL-C channel and a gNB receive antenna configuration of two cross polarized elements in our simulation. Other simulation assumptions can be found in Appendix. The simulation result in Figure 2 is summarized in Table 1. The FDM approach of two PRACHs outperforms a single PRACH transmission with one antenna by 1.5 dB and a single PRACH with two antennas by 0.5dB. It implies that the transmission with the second polarized antenna can bring about 1dB spatial diversity gain, and the transmission in a contiguous RO has a 0.5dB frequency diversity gain. The 1dB spatial diversity gain is also observed in CDM performance compared with that of a single PRACH transmission with one antenna. Note that two CDM PRACHs has nearly the same performance as a single PRACH transmitted with two Tx chains. This is expected, because the only difference between Figure 1(b) and 1(d) is the same or a different preamble is transmitted from the second antenna.
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Figure 2: performance of FDM and CDM approaches vs. TDM approach
Table 1: performance of FDM and CDM approaches vs. TDM approach
	Baseline
	Two FDM PRACHs, each transmitted with one antenna and half power
	Two CDM PRACHs, each transmitted with one antenna and half power

	A single PRACH transmitted with one antenna and full power (for a UE not supporting Tx Diversity)
	1.5 dB
	1 dB

	A single PRACH transmitted with two antennas, with half power for each antenna (for a UE supporting Tx Diversity)
	0.5 dB
	0


Observation 5 [bookmark: _Toc127534105]Transmission with the second polarized antenna can bring about 1dB spatial diversity gain, and the transmission in a contiguous RO has a 0.5dB frequency diversity gain. In particular,
· [bookmark: _Toc127534106]FDM approach of two PRACHs outperforms a single PRACH transmission with one antenna by 1.5 dB and a single PRACH with two antennas by 0.5dB.
· [bookmark: _Toc127534107]CDM approach of two PRACHs outperforms a single PRACH transmission with one antenna by 1 dB and has nearly the same performance as a single PRACH transmission with two antennas.
A specification impact of simultaneous FDMed PRACH transmissions different from TDMed PRACH transmissions is the association of multiple FDMed ROs with a RACH attempt. Otherwise, a gNB would assume they are transmitted by different UEs and not able to combine them for the UE. Similarly, for CDM approach, simultaneous transmissions of different preambles in one RO, a standard impact is the association of multiple preamble indices in an RO with a RACH attempt.
Proposal 5 [bookmark: _Toc127533655]Support simultaneous FDMed PRACH transmissions in Rel-18, including the association of different FDMed ROs with one RACH attempt.
Proposal 6 [bookmark: _Toc127533656]Support simultaneous CDMed PRACH transmissions in Rel-18, including the association of different preambles in an RO with one RACH attempt.
2.3 RACH resource configuration for PRACH transmissions
2.3.1 Shared RO and separate RO
The differentiation between single PRACH and multiple PRACHs was discussed in RAN1#111 with the following agreements. 
	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. 


According to the agreements, 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 based on the received PRACH preamble and its RO. The above options show different ways to configure separate RACH resources between single PRACH transmission and multiple PRACH transmissions. In particular, with Option 1, one RO accommodates separate preamble partitions for single PRACH and multiple PRACH transmissions; as opposed to it, with Option 2, all preambles in an RO are for either single PRACH or multiple PRACH transmissions. For K PRACH transmissions, if not for CDMed PRACH transmissions, Option 2 requires K separate ROs, where all preambles in K ROs are not available to UEs requesting a single PRACH. Preamble utilization is worth considering, namely whether at a moment there are 64 UEs in a cell requesting multiple PRACH transmissions. In this sense, Option 1 has better preamble utilization than Option 2. 
Observation 6 [bookmark: _Toc127534108]Option 1, separate preamble on shared ROs for multiple PRACH transmissions has better preamble utilization than Option 2, separate ROs.
An alleged concern for Option 1 is that the new partition for multiple PRACH transmissions in the shared RO may reduce the number of preambles available for single PRACH transmission and cause higher PRACH collision among legacy UEs. In our view, this happens only if the shared RO is a legacy RO, but it won’t happen if the shared RO is an additional RO configured by additionalRACH-ConfigList.
	38.331
additionalRACH-ConfigList 
List of feature or feature combination-specific RACH configurations, i.e. the RACH configurations configured in addition to the one configured by rach-ConfigCommon and by msgA-ConfigCommon. The network associates all possible preambles of an additional RACH configuration to one or more feature(s) or feature combination(s). The network does not configure this list to have more than 16 entries. If both rach-ConfigCommon and msgA-ConfigCommon are configured for a specific FeatureCombination, the network always provides them in the same additionalRACH-Config. 


Starting Rel-17, a feature combination (FC) can be configured by gNB to include one or more Rel-17 features, which require early UE indication by PRACH. New preamble partitions corresponding to the Rel-17 feature combinations can be added in the legacy ROs, reducing the available preambles for other purposes. To solve the issue, starting from Rel-17, additional ROs can be configured, which are visible to Rel-17 UEs and invisible to earlier UEs. The Rel-17 partitions, together with legacy partitions, e.g., CBRA, can be added in the additional ROs, only visible to Rel-17 UEs. In this way, partitions of new feature combinations have no impact on legacy UEs.
[image: ]
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Reusing Rel-17 framework of feature combination and additional RACH configuration for Rel-18 multiple PRACH transmissions, we illustrate Option 1 and Option 2 in Figure 3. Figure 3(a) shows a legacy Rel-17 RO with two partitions for single PRACH transmission by CBRA and CFRA. Option 2, an additional RO completely dedicated to multiple PRACHs, is shown in Figure 3(b). Figure 3(c) and 3(d) are for Option 1. Separate preambles for single PRACH and multiple PRACHs are configured in a legacy RO in Figure 3(c) and in an additional RO in Figure 3(d). In our view, the configuration of an additional RO with partitions of multiple PRACH and other purposes, as shown in Figure 3(d), has efficient preamble utilization and no impact on legacy UEs.


Figure 3: RACH configuration for new FC of multiple PRACH transmissions
Observation 7 [bookmark: _Toc127534109][bookmark: _Toc127534110]The configuration of an additional RO with partitions of multiple PRACH and other purposes has efficient preamble utilization and no impact on legacy UEs.
[bookmark: OLE_LINK2]It is beneficial from the perspective of configuration complexity and resource efficiency that 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 8 [bookmark: _Toc127534111][bookmark: OLE_LINK3]It is beneficial from the perspective of configuration complexity and resource efficiency that 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 7 [bookmark: _Toc127533657]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 8 [bookmark: _Toc127533658]Send an LS to RAN2, informing RAN2 of RAN1’s decision on the support of separate preamble in a shared RO and separate ROs 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. 
2.3.2 RO group
A term of RO group was discussed in RAN1#111 without consensus. The latest proposal in [2] is quoted below. In our view, the discussion of RO group is needed. Otherwise, gNB is unable to associate several ROs with a RACH attempt definitively. Similarly, in LTE eMTC, PRACH starting subframe is configured by eNB, so that eNB and UE are aligned on when the first of multiple PRACH transmissions should happen. Regarding the open issues of RO group, we provide our views below.
	[bookmark: _Hlk126850769]Proposal 9-new-b
For multiple PRACH transmissions with same Tx beam, a term of "RO group" is introduced to facilitate further discussion. For each RACH attempt, UE determines and selects one RO group for multiple PRACH transmissions, where RO(s) for a specific number of multiple PRACH transmissions are configured [, and transmit PRACH in the RO(s) within the RO group].
[Note 1: Determination and selection of RO group (including related configuration) is a separate discussion, including which WG should work on the configuration aspects, details of the signaling structures (if any).]
Note 2:  Each RO in one RO group is associated with the same SSB(s).
Note 3: Whether/How to capture the RO group in the spec. is a separate discussion.


In our view, since CDMed PRACH transmissions may require only one RO, it can be clarified that the discussion of RO group focuses on TDM and FDM approaches. For TDMed and FDMed PRACH transmissions, an RO group consists of a number of ROs for the same number of PRACH transmissions for a RACH attempt. How to configure an RO group is up to RAN2. In addition, for each RACH attempt, a UE determines an RO group for the corresponding number of PRACH transmissions. If a PRACH transmission in an RO of the RO group is to be dropped due to collision, the UE can transmit PRACHs in other ROs in the RO group. The dropped PRACH transmission is not postponed to another RO group, because gNB won’t be able to associate ROs in two RO groups with one RACH attempt.
Proposal 9 [bookmark: _Toc127533549][bookmark: _Toc127533659][bookmark: _Toc127533660]Focus the discussion of RO group on TDMed and FDMed PRACH transmissions. For TDMed and FDMed PRACH transmissions, an RO group consists of a number of ROs for the same number of PRACH transmissions for a RACH attempt. For each RACH attempt, a UE determines an RO group for the corresponding number of PRACH transmissions. If a PRACH transmission in an RO of the RO group is to be dropped, the UE can transmit PRACHs in other ROs in the RO group. The dropped PRACH transmission is not postponed to another RO group.
Proposal 10 [bookmark: _Toc127533661]Send an LS to RAN2, informing RAN2 of RAN1’s agreement on RO group, and that it is up to RAN2 to decide whether/how to capture RO group in specification. 
2.4 Multiple PRACH transmissions with different beams
2.4.1 Beam options for different UE capabilities of beam correspondence
PRACH transmissions with different beams for 4-step RACH is the study part of Rel-18 further NR coverage enhancement WI. The working assumption agreed in RAN1#111 mentioned that both the two kinds of UEs supporting or not supporting beamCorrespondenceWithoutUL-BeamSweeping can be considered. In this section, we discuss how the two kinds of UEs generate a beam for a single PRACH transmission and how it differs for Rel-18 multiple PRACH transmissions.
	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.


In NR up to Rel-17, a UE transmits a PRACH 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. UEs incapable of beamCorrespondenceWithoutUL-BeamSweeping have 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 may transmit PRACH with a wide beam, with the beam width probably larger than the selected SSB. Nevertheless, the transmission power on main lobe outside of the SSB beam is wasted. On the other hand, UEs supporting beamCorrespondenceWithoutUL-BeamSweeping are able to determine an uplink beam according to a proprietary beam refinement procedure before initiating a random access procedure. They are able to transmit a single PRACH with the most refined beam, if time allows. Note that since the beam refinement requires more or less time depending on UE implementation, they may have to transmit with a less refined beam due to latency concern.
Now let’s consider the two kinds of UEs’ beam options for Rel-18 multiple PRACH transmissions. Firstly, UEs not supporting beamCorrespondenceWithoutUL-BeamSweeping can choose to transmit multiple PRACHs with the same wide beam repeatedly or by sweeping different narrow beams with a possibly better directivity. Secondly, UEs supporting beamCorrespondenceWithoutUL-BeamSweeping can also take advantage of the same or different beams for multiple PRACH transmissions. Repeating PRACH transmission with the refined beam can maximize beamforming gain. In the case of time constraints, such UEs can rely on beam sweeping, which is robust against the time varying channel and inaccurate beam correspondence. Table 2 summarizes the UE beam options for the two kinds of UEs.
Table 2: Beam options for different UE capabilities of beam correspondence
	 
	UEs incapable of beamCorrespondenceWithoutUL-BeamSweeping
	UE capable of beamCorrespondenceWithoutUL-BeamSweeping

	a single PRACH transmission
	with a wide beam
	with the best beam, or with a less refined beam due to time constraints

	Rel-18 multiple PRACH transmissions with the same Tx beam
	with the same wide beam
	with the best beam, or with a less refined beam due to time constraints

	Rel-18 multiple PRACH transmissions with different Tx beams
	by beam sweeping
	by beam sweeping


2.4.2 Simulation assumptions
[bookmark: OLE_LINK10]Although the working assumption provides some basic simulation assumptions, it doesn’t include how beams are generated and their orientation. We provide our rationale below.
In our simulation of beam sweeping, we assume 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. More antenna elements are used to generate narrower beams for a larger number of PRACH transmissions. A wide beam is simulated with a dual-polarized antenna pair. For PRACH transmissions with the same best beam, the best beam is selected out of eight candidate beams. The UE antennas used in our simulation are as follows. To keep a fair comparison between PRACH transmissions with wide beam and narrow beam, the same TRP is assumed in our simulation.
PRACH transmissions with the same beam
· the same wide beam: 1x1x2 (1 dual polarized antenna pair)
· the same best beam: one of 8 candidate beams, which matches the channel best.
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
[bookmark: _Hlk115428519]Regarding beam orientation, 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]
2.4.3 Simulation results
Since PRACH transmissions with different beams is the study part, we compare it with multiple PRACH transmissions with the same wide beam in Figure 4 and with PRACH transmissions with the same best beam in Figure 5. As observed in Figure 4, for a given number of PRACH transmissions, those with beam sweeping has about 1dB gain over those with the same wide beam.
Observation 9 [bookmark: _Toc127534112]PRACH transmissions with different beams (beam sweeping) outperforms the transmissions with the same wide beam by about 1dB for the same number of transmissions.
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Figure 4: beam sweeping vs. repeating the same wide beam
In Figure 5, a single PRACH transmission with the best beam has its performance between that of four PRACH transmissions with beam sweeping and eight PRACH transmissions with beam sweeping. This is consistent with our simulation assumption that the refined beam is the best beam from eight candidate beams. Another observation is that for the same number of PRACH transmissions, about 5dB loss is observed for beam sweeping option, compared with PRACH transmissions with the same best beam, which is generated by four times number of antennas.
Observation 10 [bookmark: _Toc127533721][bookmark: _Toc127533934][bookmark: _Toc127533960][bookmark: _Toc127533987][bookmark: _Toc127534113][bookmark: _Toc127534114]A single PRACH transmission with the best beam out of eight candidate beams has a performance between PRACH transmissions by sweeping four beams and eight beams.
Observation 11 [bookmark: _Toc127534115]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, which is generated by four times number of antennas. 
[image: 图表

描述已自动生成]
Figure 5: beam sweeping vs. repeating the same best beam
[bookmark: _Toc127534116]In Figure 4 and Figure 5, 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.
Observation 12 [bookmark: _Toc127534117]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.
It should be noted that our simulation assumption of different Tx beams sweeping -pi~pi horizontally is based on an assumption that a UE has no any prior information of gNB direction. It is the worst case and provides the lower bound of beam sweeping's performance. However, in reality, if a UE has multiple panels, it is possibly able to select a panel with the best orientation before initiating random access. This is true even for a UE not supporting beam correspondence. Consider there are two antenna panels on the left and right size of a mobile phone, each generating Tx beams sweeping a 180-degree range, which is half of the angular range in our simulation assumption. After UE antenna panel selection, beam sweeping in a smaller angular range can reduce the unnecessary PRACH transmissions, which energy fail to reach gNB, and improve beam sweeping’s performance.
Observation 13 [bookmark: _Toc127534118]Our simulation assumption of azimuth Tx beams sweeping a 360-degree angular section is the worst case and provides the lower bound of beam sweeping's performance. After UE antenna panel selection, beam sweeping in a smaller angular section can reduce the unnecessary PRACH transmissions, which energy fail to reach gNB, and improve beam sweeping’s performance.
Proposal 11 [bookmark: _Toc127533662][bookmark: _Hlk127438425]Support multiple PRACH transmissions with different Tx beams in Rel-18
2.5 [bookmark: _Hlk115260835][bookmark: _Hlk95308462]Candidate values for the number of multiple PRACH transmissions with the same beam
{2, 4, 8} were proposed as candidate values for the number of multiple PRACH transmissions with the same beam in RAN1 meeting#110bis. 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 ,}, [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 other physical channels, but it is ungrounded that the PUCCH channel is the Rel-18 PRACH enhancement target. As observed in section 2.6, in FR2, the basic Rel-15 PRACH transmission outperforms the best performance of Rel-17 Msg3 repetition by 1.7 dB. With a large number of PRACH transmissions, random access 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 2.4, for multiple PRACHs with the same Tx beam, a UE may repeat with the best beam or a wide beam. PRACH transmissions with the same wide beam has the worse performance, which can be the basis to determine the maximum number of multiple PRACH transmissions with the same beam.
Proposal 12 [bookmark: _Toc127533663][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
2.6 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 6 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 14 [bookmark: OLE_LINK15][bookmark: _Toc127534119]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 15 [bookmark: _Toc127534120]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 6: Msg3 repetition and single PRACH transmission with a wide beam in FR2
[bookmark: OLE_LINK1]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 13 [bookmark: _Toc127533664][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 the number of PRACH transmissions
· Multiplexing in frequency or code domain 
· RACH resource configuration 
· PRACH transmissions with different beams
· [bookmark: OLE_LINK20]Candidate numbers for multiple PRACH transmissions
· Interplay with Msg3 transmission
[bookmark: OLE_LINK11]In the previous sections we made the following observations: 
Observation 1	Applying multiple PRACH transmissions to CFRA can improve PRACH mis-detection rate, which is essential to the cases of handover and beam failure recovery.
Observation 2	The wide range of PRACH transmission power results in divergent PRACH performance, which will be exacerbated with Rel-18 multiple PRACH transmissions. It is reasonable to include UE transmission power in the determination of PRACH repetition factor.
Observation 3	UE power class determines PPowerClass, but power backoff, MPE event and UE power class fallback due to UL duty cycle affect PCMAX,f,c, so that UEs of the same power class and DL pathloss may transmit PRACH with different transmission power.
Observation 4	Simultaneous multiple PRACH transmissions with different Tx chains by FDM or CDM has the potential to benefit from spatial diversity and frequency diversity.
Observation 5	Transmission with the second polarized antenna can bring about 1dB spatial diversity gain, and the transmission in a contiguous RO has a 0.5dB frequency diversity gain. In particular,
· FDM approach of two PRACHs outperforms a single PRACH transmission with one antenna by 1.5 dB and a single PRACH with two antennas by 0.5dB.
· CDM approach of two PRACHs outperforms a single PRACH transmission with one antenna by 1 dB and has nearly the same performance as a single PRACH transmission with two antennas.
Observation 6	Option 1, separate preamble on shared ROs for multiple PRACH transmissions has better preamble utilization than Option 2, separate ROs.
Observation 7	The configuration of an additional RO with partitions of multiple PRACH and other purposes has efficient preamble utilization and no impact on legacy UEs.
Observation 8	It is beneficial from the perspective of configuration complexity and resource efficiency that 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.
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.
Observation 10	A single PRACH transmission with the best beam out of eight candidate beams has a performance between PRACH transmissions by sweeping four beams and eight beams
Observation 11	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, which is generated by four times number of antennas. 
Observation 12	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.
Observation 13	Our simulation assumption of azimuth Tx beams sweeping a 360-degree angular section is the worst case and provides the lower bound of beam sweeping's performance. After UE antenna panel selection, beam sweeping in a smaller angular section can reduce the unnecessary PRACH transmissions, which energy fail to reach gNB, and improve beam sweeping’s performance.
Observation 14	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 15	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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support multiple PRACH transmissions for CFRA, where the number of PRACH transmission(s) is determined and indicated by gNB.
Proposal 2	UE determination of the number of PRACH transmissions by at least SSB-RSRP threshold(s) only applies to CBRA.
Proposal 3	Study how to simplify the configuration of SSB-RSRP thresholds for multiple PRACH transmissions and Msg3 repetition and reduce gNB complexity, for instance by using rsrp-ThresholdMsg3 for UEs to determine at least one repetition factor for PRACH transmissions.
Proposal 4	UE power headroom is used for UE determination of the number of PRACH transmissions with the same Tx beam.
Proposal 5	Support simultaneous FDMed PRACH transmissions in Rel-18, including the association of different FDMed ROs with one RACH attempt.
Proposal 6	Support simultaneous CDMed PRACH transmissions in Rel-18, including the association of different preambles in an RO with one RACH attempt.
Proposal 7	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 8	Send an LS to RAN2, informing RAN2 of RAN1’s decision on the support of separate preamble in a shared RO and separate ROs 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.
Proposal 9	Focus the discussion of RO group on TDMed and FDMed PRACH transmissions. For TDMed and FDMed PRACH transmissions, an RO group consists of a number of ROs for the same number of PRACH transmissions for a RACH attempt. For each RACH attempt, a UE determines an RO group for the corresponding number of PRACH transmissions. If a PRACH transmission in an RO of the RO group is to be dropped, the UE can transmit PRACHs in other ROs in the RO group. The dropped PRACH transmission is not postponed to another RO group.
Proposal 10	Send an LS to RAN2, informing RAN2 of RAN1’s agreement on RO group, and that it is up to RAN2 to decide whether/how to capture RO group in specification. 
Proposal 11	Support multiple PRACH transmissions with different Tx beams in Rel-18
Proposal 12	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
Proposal 13	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 & TDL-C

	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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