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Introduction
In the RAN1#94 e-meeting [1], the following objective was approved to specify coverage enhancement for PRACH.
	· 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 present our analysis on different aspects of PRACH coverage enhancements [2]. 
[bookmark: _Ref494215420]Discussion
[bookmark: OLE_LINK1]Multiple PRACH transmissions with same beam
In the low frequency network of NR, the DL coverage area and/or UL coverage distance of TRP/UE can covered by a single beam. However, in the case of high frequency, such as the new radio above 6 GHz, due to the large path loss and penetration loss in high frequency band, channel/signal transmission is heavily dependent on the link quality. In this case, multiple PRACH needs to be transmitted to increase the possibility of random access, and time diversity further increases reliability.
There are two ways to implement multiple PRACH transmission, using the same Tx beam or different Tx beam. Considering that the beam correspondence is mandatory in Rel-15, it is natural to use the same UL Tx beam for multiple PRACH transmissions. Transmissions with same Tx beam can improve UL coverage by multiple repetitions, which would increase the success possibility of random access.
Issue #1: Differentiation between legacy single PRACH transmission and multiple PRACH transmissions
[bookmark: OLE_LINK6]Legacy UE and Rel-18 UL coverage enhancement UE can be co-existence in one cell, the supportive of backward compatibility is important. Regarding the PRACH resources division between multiple PRACH transmissions and single PRACH transmission, some working assumptions were achieved in RAN1#112 meeting [3].
	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.



A part of PRACH resources, i.e. RO and/or preamble resources can be used to differentiate the multiple PRACH transmissions with single PRACH transmission. Three options were agreed to be considered during RAN1#111 meeting. That is, multiple PRACHs are transmitted on either separate preambles or separate ROs from single PRACH. 
For separate preamble and shared ROs case, it has simple and limited specification impact. However, for legacy UE access through contention-based random access, the number of available preambles decreases, resulting in more intense competition and greater probability of collision. In addition, the transmission delay of PRACH repetitions will be increased following the existing SSB-to-RO mapping rule.
For separate ROs case, some benefits are list as follows: 
· No need to consider the coexistence of legacy UE without multiple PRACH
· Flexible design of association between SSB and RO
· Easy to trace the start point and end point of multiple Msg1 transmissions.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Observation 1: Multiple PRACH transmissions on separate ROs may not need to consider the coexistence of legacy UEs.
For 	hybrid ROs case, i.e. partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs, some of the ROs used for single PRACH transmission can also be used for multiple PRACH transmissions. Compared to multiple PRACH transmissions on shared ROs, partial of multiple PRACH are transmitted with separate RO may reduce the latency in multiple PRACH transmissions. In addition, compared to multiple PRACH transmissions on separate ROs, partial of multiple PRACH are transmitted with shared RO may decrease the RO reservation. Furthermore, the preamble used in the shared RO should be the same as that used in the separate RO.
Proposal 1: To differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted on separate ROs.

Besides, to differentiate the multiple PRACH transmissions with single PRACH transmission, one or multiple of the above cases may exist simultaneously. SSB-RSRP threshold(s) can be leveraged to select the option to differentiate the multiple PRACH transmissions with single PRACH transmission, i.e. using shared RO (separate preamble) or separate RO or partial shared RO and partial separate RO transmission.
For example, as shown in Figure 1, two SSB-RSRP thresholds are used to enable which option to differentiate the multiple PRACH transmissions with single PRACH transmission, which are namely rsrp_Threshold_A and rsrp_Threshold_B, and rsrp_Threshold_A > rsrp_Threshold_B. Assuming UE selects the SSB#0 and corresponding PRACH resource to transmit multiple PRACH. If the value of RSRP of SSB#0 is greater than the rsrp-ThresholdSSB_A, but less than the threshold value for triggering multiple PRACH transmissions, it means UE using shared RO resources to transmit multiple PRACH.


Figure 1: The relationship between rsrp-ThresholdSSB and RO resource selection.
[bookmark: OLE_LINK9][bookmark: OLE_LINK17]Proposal 2: For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to enable which option to differentiate the multiple PRACH transmissions with single PRACH transmission.

Issue #2:	Number of multiple PRACH transmissions 
Three random access processes have been defined in 5G networks, including the 4-step RACH in Rel-15, the 2-step RACH in Rel-16, and the 4-step RACH with Msg3 repetitions in Rel-17. Some SSB-RSRP thresholds have been defined for UE to select PRACH types, e.g., whether to be 2-step RACH or 4-step RACH or 4-step RACH with Msg3 repetitions based on the SSB-RSRP measurement. In addition, a SSB-RSRP thresholds defined in Rel-15 is used by UE to select the SSB and corresponding PRACH resource. The same criterion could be adopted for triggering 4-step RACH with PRACH repetition. 
An important issue is to determine whether or not to apply multiple PRACH transmissions and if so how to determine the number of multiple PRACH transmissions. Some agreement were achieved in RAN1#112 meeting [3].
	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.



For CFRA, it is more flexible for network to configure PRACH resources for multiple PRACH transmissions as dedicated signaling can be applied, and the numbers of multiple PRACH transmissions can be configured based on UE’s location within its deployment. Thus, a good balance can be achieved between the random access probability and latency. 
For CBRA, if multiple values for number of multiple PRACH transmissions are configured, it need to be discussed how to determine the value to use. Some SSB-RSRP thresholds may be required to divide different coverage levels, corresponding to different repetition numbers. From our point of view, the number of SSB-RSRP thresholds may be consistent with the number of values configured by the gNB. For example, if the candidate transmission values of {2, 4, 8} were configured by gNB, then three SSB-RSRP thresholds may be needed to choose the transmission values. That is to say, PRACH repetition numbers can be determined through the level of the beam quality. In addition, other factors can also be considered.
For example, as shown in the Figure 2, UE selects the SSB#0 and corresponding PRACH resource to transmit multiple PRACH. Assuming the candidate transmission values of {2, 4, 8} were configured by gNB, three SSB-RSRP thresholds are required to decide the PRACH repetition numbers, namely rsrp-ThresholdSSB-Msg1_1, rsrp-ThresholdSSB-Msg1_2, rsrp-ThresholdSSB-Msg1_3, and rsrp-ThresholdSSB-Msg1_1 < rsrp-ThresholdSSB-Msg1_2 < rsrp-ThresholdSSB-Msg1_3. If the RSRP of SSB#0 meets the range of [rsrp-ThresholdSSB-Msg1_1, rsrp-ThresholdSSB-Msg1_2], then the PRACH repetition number is 8. Similarly, if the RSRP of SSB#0 meets the range of [rsrp-ThresholdSSB-Msg1_2, rsrp-ThresholdSSB-Msg1_3], the PRACH repetition number is 4. If the RSRP of SSB#0 meets the range of [rsrp-ThresholdSSB-Msg1_3, rsrp-ThresholdSSB-Msg1_4], the PRACH repetition number is 2. In this way, the multiple PRACH transmissions number related to the beam quality, which not only configure an appropriate values for PRACH repetition, but also save the signaling overhead through an implicit way.


Figure 2:  The relationship between rsrp-ThresholdSSB and PRACH repetition number.
Proposal 3: For CFRA, the PRACH repetition numbers can be configured by network. For CBRA, the PRACH repetition numbers can be determined through the level of the SSB-RSRP and/or other factors.
Proposal 4: The number of SSB-RSRP thresholds may be consistent with the number of candidate transmission values configured by the gNB.

Issue #3: RO group
As discussed during RAN1 #112 meeting [3], a new term of “RO group” was discussed and an agreement was achieved to facilitate the discussion on the details of multiple PRACH transmission schemes. 
	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



[bookmark: OLE_LINK24]In our understanding, RO group helps align the understandings of gNB and UE on how the PRACH transmission. From UE perspective, it helps UE know using which ROs/preambles to transmit multiple PRACH. While from gNB perspective, it helps gNB know which ROs is potentially used by a UE that performs multiple PRACH transmissions, and then gNB may perform joint detection to obtain the coverage gain. The number of ROs in one RO group is equal to the PRACH repetition numbers. That is to say, UE only need to select one RO group to transmit multiple PRACH in one RACH attempt.
Issue #3-1: the TDM-ed and/or FDM-ed ROs in one RO group
Based on the agreement in RAN1#110b-e meeting [4], ROs used for multiple PRACH transmissions at least located at different time instances. It is FFS whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions and multiple PRACH transmissions located in the same time instance.
	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.



There are several options on whether one RO group contains TDM-ed and/or FDM-ed ROs.
· Option 1: one RO group only consist of TDM-ed ROs, which means the starting RB of ROs are same at different time instances. And the number of TDM-ed ROs in one RO group is equal to the PRACH repetition numbers.
· Option 2: one RO group consist of TDM-ed ROs and FDM-ed ROs, the starting RB of ROs can be same or not at different time instances.
· Option 2-1: the number of TDM-ed ROs in one RO group is equal to the PRACH repetition numbers.
· Option 2-2: the number of TDM-ed ROs in one RO group is less than the number of PRACH repetitions, but the total number of ROs is equal to or greater than the PRACH repetition numbers.
In Option 1, multiple PRACH transmissions in different TDM-ed ROs cannot be multiplexed in a FDM-ed manner. This option is relatively simple to transmit multiple PRACH and gNB can perform joint detection to obtain the coverage gain. Take Figure 3-1 as an example, the higher-level parameter SSB-PerRACH-OccasionAndCB-PreamblesPerSSB determines the number of SSBs per RACH occasion. Assuming the number of N SSB associated with one RACH occasion are provided, N can be {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}. For example, configure N = 1/8, it indicates that one SSB is mapped to 8 ROs. In addition, the number of FDM-ed ROs in one time instance by msg1-FDM of {one, two, four, eight}. For example, configure Msg1-FDM = 2, then the association pattern of SSB#0-to-RO is illustrated in Figure 3-1. If the number of multiple PRACH transmissions configured by gNB is 4, the RO group includes 4 TDM-ed ROs.


[bookmark: OLE_LINK7]Figure 3-1: example of Option 1.
In Option 2-1, take Figure 3-2 as an example, the configuration is same with Figure 3-1, i.e. configure N = 1/8 and Msg1-FDM = 2,  if the number of multiple PRACH transmissions configured by gNB is 4, the RO group includes 8 ROs, and the number of TDM-ed ROs is equal to the PRACH repetition numbers, that is, 4. One possible way is that UE selects ROs in red font in the figure for multiple PRACH transmission through frequency hopping. 
Although frequency hopping for multiple PRACH transmissions can provide frequency diversity gain to improve the link budget. However, the coverage loss can be improved due to multiple PRACH transmissions and additional diversity gain may be not required. In addition, the design of the frequency hopping mechanism will also bring heavy workload and increase the complexity of UE.


Figure 3-2: example of Option 2-1.
In Option 2-2, take Figure 3-3 as an example, configure N = 1/4 and Msg1-FDM = 2, if the number of multiple PRACH transmissions configured by gNB is 4, the RO group includes 4 ROs, and the number of TDM-ed ROs is 2, which is less than the number of PRACH repetitions. One possible way is that UE selects ROs in red font in the figure for multiple PRACH transmission with multiple Tx chains.
[bookmark: OLE_LINK21]As the number of TDM-ed ROs in one RO group is less than the number of PRACH repetitions, more than one ROs at the same time instance can be utilized for multiple PRACH transmissions with multiple Tx chains, and the same preamble is transmitted in one RACH attempt. On some time instances, UE may use two TX chains to transmit twice PRACHs, while on other time instances, UE may only need to use one Tx chain to transmit once PRACH, which will greatly increase the complexity of joint detection at gNB side.


Figure 3-3: example of Option 2-2.
Proposal 5: For the composition of RO group, at least Option 1 is supported, i.e., one RO group only consist of TDM-ed ROs, and the number of TDM-ed ROs in one RO group is equal to the PRACH repetition numbers.
Proposal 6: Multiple PRACH transmissions over FDM-ROs in the same time instance is not supported in Rel-18.

Issue #3-2: the number of ROs in one RO group
[bookmark: OLE_LINK2]The number of RO(s) in one RO group is equal to a specific number of multiple PRACH transmissions configured by gNB. UE don’t need to determine the ROs within the RO group if UE determines a RO group. Since gNB can configure one or multiple value(s) for the number of multiple PRACH transmissions, if only one value is configured, then “a specific number” corresponds to the single value. If multiple values are configured, then “a specific number” may correspond to each of the multiple value, which means there may be different RO configurations for different number of multiple PRACH transmissions. 
As shown in Figure 4, if the candidate transmission values of {2, 4, 8} were configured by gNB, then three RO groups may be needed correspond to each of the multiple value. gNB can know the number of PRACH transmissions through the corresponding ROs utilized for PRACH transmissions. It is beneficial for gNB that joint detection between multiple repetitions can be performed to obtain more performance gains.


Figure 4: an example of RO group.
Proposal 7: For gNB configure one or multiple values for the number of multiple PRACH transmissions, support configuring different numbers of RO resources in different RO groups. The number of ROs in one RO group is equal to the specific number. 

Issue #3-3: UE behavior analysis on the issue of dropping some PRACH transmission(s) due to e.g., dynamic SFI or other potential collisions.
Since the number of RO(s) in one RO group is equal to a specific number of multiple PRACH transmissions configured by gNB, if some PRACH transmission(s) is dropped due to e.g., dynamic SFI or other potential collisions, UE should skip this repetition and not select another RO since UE can only determines and selects one RO group for multiple PRACH transmissions in one RACH attempt. Otherwise, it may be considered as another RACH attempt.
Proposal 8: If some PRACH transmission(s) is dropped due to e.g., dynamic SFI or other potential collisions, UE should skip this repetition and not select some other ROs to achieve the number of multiple PRACH transmissions configured by the gNB.

Issue #4:	the association between SSB and RO (group)
In the legacy SSB-to-RO mapping rules, SS/PBCH block indexes provided by ssb-PositionsInBurst are mapped to valid PRACH occasions in the following order: 
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
Based on the agreement in RAN1#111 meeting, RO/preamble resource partitioning is required to differentiate the multiple PRACH transmissions with single PRACH transmission,
[bookmark: OLE_LINK20][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]For multiple PRACH transmission with separate preamble on shared ROs, in order to minimize the specification impact, it is more desirable to follow the legacy SSB-to-RO mapping rules. The ROs used for multiple PRACH transmission is the ones mapped to the same SSB selected by the UE. The configuration between SSB-to-RO also follows the existing way. The ROs in one RO group maybe not adjacent, and may be in non-consecutive slots, which may increase the transmission delay of PRACH repetitions. Figure 5-1 illustrates one example of association between SSB and ROs with {2} PRACH repetitions.


Figure 5-1: one example of association between SSB and ROs for multiple PRACH transmission with separate preamble on shared ROs.
For multiple PRACH transmission with separate ROs, while it can refer to that multiple PRACH are transmitted only on separate ROs, or partial of multiple PRACHs are transmitted on separate ROs, the SSB-to-RO mapping rule can be changed to reduce the transmission delay of PRACH repetitions and the burden to gNB memory and buffering. From our view of point, changing the SSB-to-RO mapping to the SSB-to-RO groups mapping may minimize the specification impact. The SSB-to-RO groups mapping order can follow the current rules, which is as follows: preamble indexes, FDM-ed RO groups indexes, TDM-ed RO groups indexes. Moreover, the SSB-to-RO mapping rule in one RO group should follow the order of first in time domain and then in frequency domain. As shown in Figure 5-2, this rule allow configurations of consecutively available UL slots associated to a same SSB index for transmitting consecutive PRACH repetitions, which should be supported for low latency and complexity.


Figure 5-2: one example of association between SSB and ROs for multiple PRACH transmission with separate ROs
Proposal 9: For multiple PRACH transmission with separate preamble on shared ROs, support following the legacy SSB-to-RO mapping rules.
Proposal 10: For multiple PRACH transmission with separate ROs, support the SSB-to-RO groups mapping to reduce latency and complexity. The mapping order between SSB-to-RO groups can follow the legacy rules. The SSB-to-RO mapping rule in one RO group should follow the order of first in time domain and then in frequency domain.

Issue #5:	RAR window configuration
For multiple PRACH transmissions applied to 4-step RACH transmission, the definition of RAR window number and the start position is very important for gNB and UE.
In the RAN1#112 [3], an agreement was achieved about the design of RAR window, which are listed in the following:
	Agreement
For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.



[bookmark: OLE_LINK51][bookmark: OLE_LINK52]For multiple PRACH transmissions with same Tx beam, only one RAR window is utilized to cover all of the multiple PRACH transmissions for one RACH attempt. Transmitting PRACH and receiving Msg2 will not occur at the same time. Moreover, there are two options about the start position of the window:
· Option 2-1: As is shown in Figure 6-1, the start position of the window is after the first PRACH transmission. The length of the RAR window defined in TS 38.331 is less than or equal to 10ms when Msg2 is transmitted in the licensed spectrum. It is necessary to enlarge the length of RAR window to cover all of the multiple PRACH transmissions. In addition, once UE receives Msg2, UE is able to terminate the follow up PRACH transmission in advance and release the corresponding RO resources for other UEs to access.
· Option 2-2: As is shown in Figure 6-2, the start position of the window is after the last PRACH transmission. The RAR window length can follow the legacy way. What needs to be redefined is the starting position of RAR window after the last PRACH transmission. Compared with Option 2-1, this option has less modification to the specification.



Figure 6-1: only one RAR window for all of the multiple PRACH transmissions and the start position of the window is after the first PRACH transmission.



Figure 6-2: only one RAR window for all of the multiple PRACH transmissions and the start position of the window is after the last PRACH transmission.
Proposal 11: For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt, the starting point of RAR window should be after the last PRACH transmission.

Issue #6:	RA-RNTI
In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during RAR window. The RA-RNTI is computed as [5]:
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8] for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).



If only one PRACH is transmitted before the end of a monitored RAR window, there is no ambiguity in the position of the PRACH occasion. However, if network configures multiple PRACH transmissions before a RAR window, for example, one RAR window is utilized to cover partial or all of the multiple PRACH transmissions. UE is unable to determine which one of PRACH occasion should be used to calculate RA-RNTI. The PRACH occasion for calculating RA-RNTI should be further studied. A simple way is to pre-define the PRACH occasion by a specific reference position, such as RA-RNTI calculated based on the first PRACH repetition or the last PRACH repetition. 
Proposal 12: For multiple PRACH transmissions with same Tx beam, the corresponding RA-RNTI is calculated based on a pre-defined RO, for example, taking RO for the first PRACH repetition or the last PRACH repetition as a reference.

Issue #7: CBRA/CFRA
UE can access network through contention-based random access (CBRA) or contention-free random access (CFRA). Both CBRA and CFRA should be support for multiple PRACH transmissions.
For CBRA, since many UEs compete for the preambles in a RO, multiple PRACH transmissions may increase more collisions. The gNB would configure proper random access preamble resources considering the repetition numbers. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]For CFRA, dedicated preamble for PRACH transmission is assigned by the network. UE transmitted multiple PRACH makes efficient utilization of RACH resources. In addition, there are many scenarios triggering CFRA, such as handover, DL data arrival during RRC_CONNECTED when UL synchronisation status is “non-synchronised”, etc. A UE performing handover is usually located at the cell-edge of both the source and target cell with relatively poor uplink coverage conditions. A single PRACH transmission may cause handover failure and increase the risk of link failure and mobility interruption. Therefore, multiple PRACH transmissions are a better choice in these cases. It is essential to increase the probability of random access and the transmission reliability. 
Observation 2: In contention free random access, multiple PRACH transmissions may improve the utilization of RACH resources, and increase the probability of random access and the transmission reliability.

Issue #8: the interaction of PRACH repetition with Msg3 repetition
What’s more, the interaction of PRACH repetition with Msg3 repetition should be studied. For example, if the number of multiple PRACH are transmitted, how to request Msg3 repetition. And according to a PRACH repetition number, gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition with a different repetition factor.   
Proposal 13: The interaction of PRACH repetition with Msg3 repetition should be studied.

Multiple PRACH transmissions with different beam
Repetition with different beams increases robustness even for UE with beam correspondence. In the case where the UE’s beam correspondence may not be guaranteed, e.g., in initial access, a better beam may exist than the beam based on SSB reception. PRACH detection may fail due to beam misalignment between the UE and the gNB. In this case, UE’s beam determined based on SSB reception may not be appropriate one for PRACH transmission, and multiple PRACH transmissions with different beams have better PRACH coverage performance than multiple PRACH transmissions with same beam (the beam based on SSB reception). 
Moreover, PRACH for FR2 was identified as a bottleneck in Rel-17 coverage enhancement study. Due to the large path loss and penetration loss, beam may be switched frequently in FR2. Multiple PRACH transmissions with different beams may increase reliability since both the radio channel and the instantaneous interference-plus-noise level may differ significantly between different directions in high frequency band. 
Observation 3: Multiple PRACH transmissions with different beams can increase robustness than same beam, especially for the scenario of non-beam correspondence, beam switching frequently in FR2.
Proposal 14: Multiple PRACH transmissions with same beam can be used as a baseline for different beams.

Conclusion
In this contribution, we discuss PRACH coverage enhancements. The following observations and proposals are achieved:
Observation 1: Multiple PRACH transmissions on separate ROs may not need to consider the coexistence of legacy UEs.
Observation 2: In contention free random access, multiple PRACH transmissions may improve the utilization of RACH resources, and increase the probability of random access and the transmission reliability.
Observation 3: Multiple PRACH transmissions with different beams can increase robustness than same beam, especially for the scenario of non-beam correspondence, beam switching frequently in FR2.

Proposal 1: To differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted on separate ROs.
Proposal 2: For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to enable which option to differentiate the multiple PRACH transmissions with single PRACH transmission.
Proposal 3: For CFRA, the PRACH repetition numbers can be configured by network. For CBRA, the PRACH repetition numbers can be determined through the level of the SSB-RSRP and/or other factors.
Proposal 4: The number of SSB-RSRP thresholds may be consistent with the number of candidate transmission values configured by the gNB.
Proposal 5: For the composition of RO group, at least Option 1 is supported, i.e., one RO group only consist of TDM-ed ROs, and the number of TDM-ed ROs in one RO group is equal to the PRACH repetition numbers.
Proposal 6: Multiple PRACH transmissions over FDM-ROs in the same time instance is not supported in Rel-18.
Proposal 7: For gNB configure one or multiple values for the number of multiple PRACH transmissions, support configuring different numbers of RO resources in different RO groups. The number of ROs in one RO group is equal to the specific number. 
Proposal 8: If some PRACH transmission(s) is dropped due to e.g., dynamic SFI or other potential collisions, UE should skip this repetition and not select some other ROs to achieve the number of multiple PRACH transmissions configured by the gNB.
Proposal 9: For multiple PRACH transmission with separate preamble on shared ROs, support following the legacy SSB-to-RO mapping rules.
Proposal 10: For multiple PRACH transmission with separate ROs, support the SSB-to-RO groups mapping to reduce latency and complexity. The mapping order between SSB-to-RO groups can follow the legacy rules. The SSB-to-RO mapping rule in one RO group should follow the order of time domain priority and then frequency domain.
Proposal 11: For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt, the starting point of RAR window should be after the last PRACH transmission.
Proposal 12: For multiple PRACH transmissions with same Tx beam, the corresponding RA-RNTI is calculated based on a pre-defined RO, for example, taking RO for the first PRACH repetition or the last PRACH repetition as a reference.
Proposal 13: The interaction of PRACH repetition with Msg3 repetition should be studied.
Proposal 14: Multiple PRACH transmissions with same beam can be used as a baseline for different beams.
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