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Introduction
In the R18 WI for Further NR coverage enhancements [1], one important direction is to enhance the random access channel for a coverage-limited UE. 
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.


This contribution discusses the design consideration for multiple PRACH transmission with same beam.
Design for multiple PRACH transmissions
[bookmark: _GoBack]In case of the design for multiple PRACH transmissions, there will be several major aspects to be considered. One aspect is related to PRACH configuration, which includes the RO/preamble resource determination as well as the beam determination. Another aspect is the impact on UE procedure when multiple PRACH transmissions are enabled, such as power control, power ramping, RAR monitoring, and so on. In addition, the MPE constraint can also influence the design. 
RACH resource aspects
RO/RO group determination
Based on last meeting agreement on the RO group, which is the same concept as the RO bundle in our previous discussion paper. A clearer design on how the UE uses the RO group is needed to facilitate multiple PRACH transmissions. In addition, there are also agreements on supporting the configuration of multiple numbers of multiple PRACH transmissions. Agreement from RAN1#112b-E
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.
Agreement from RAN1#112 
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

Agreement from RAN1#112
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.

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

In this section, several aspects related to RO group determination will be discussed, including the general procedure to determine the RO group pattern, and handling of RO collision between single PRACH and multiple PRACH, the constraints on the time span of RO group, RO group for different N values and the possibility of FH within RO group.

RO group determination process
As commonly understood, the RO group defined in last meeting is considered after SSB-RO association. This means after UE reading the PRACH configuration, finishing the RO validation, and performing the SSB-RO association, the UE starts to determine the RO group pattern. So, at this stage, the UE already has the RO pattern for associated SSBs. Thus, it’s beneficial to determine the RO group pattern based on the RO pattern for each associated SSBs within the SSB-RO association pattern period, for the following reasons:
1. The number of ROs is same for every associated SSB
2. The RO pattern associated with every SSB will be repeated in every SSB-RO association pattern period.
With above two important features, so the UE only needs to derive the RO group pattern within one SSB-RO association pattern period, these RO group pattern for each associated SSB could be also repeated with any other SSB-RO association pattern period. This outcome is aligned with the design principle of SSB-RO association pattern period.

Observation 1: it’s beneficial to determine the RO group pattern based on the RO pattern for each associated SSB within the SSB-RO association pattern period.

The possible procedure could be illustrated by following example:
After the SSB-RO association, the two SSBs (SSB0 and SSB1) have corresponding associated ROs in SSB-RO association pattern as shown in following figure 1. The RO pattern is the outcome of configuration->validation-> association. 
[image: ]
Fig.1 – illustration of RO group pattern determination process
So, when the UE is configured with N=2, it starts to determine the possible RO group with 2 adjacent ROs in time domain from the beginning of the SSB-RO association pattern period till the end of it, similar thing happened if UE is being configured with N=4 or N=8. Note that there could be some leftover ROs which cannot form a complete RO group, as shown by the dished box in the figure. These ROs cannot be used for multiple PRACH transmissions and the gNB should ensure that there is at least one RO group available to use if the corresponding N value is configured. 
As agreed in last meeting,:

Agreement
A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X.
· The time period X is K SSB-to-RO association pattern periods.
· Note: Whether/how to introduce SSB-to-RO group mapping
· FFS: K is configured by the network or determined based on some rule.
Agreement
For RO group determination for multiple PRACH transmissions, following parameters are considered.
· The candidate number of multiple PRACH transmissions, e.g. {2,4,8}, is/are explicitly configured.
· The number of ROs within one RO group can be implicitly determined accordingly.
· Default value(s) is/are not precluded
· The number of SSB-to-RO association pattern periods K within the time period X, down select from the following options.
· Option 1: K is explicitly configured.
· Option 2: K is implicitly determined
· Option 3: K is a fixed value for all number of multiple PRACH transmissions.


For the FFS point on determination of K value, the following consideration is presented. The time period X should accommodate enough valid ROs in time domain for completing at least one RO group for a configured N value. To achieve this, there could be two ways:
1. gNB aligns the configuration of N and number of RO in time domain in a SSB-RO association pattern period, thus ensure at least one RO group is available to use if the corresponding N value is configured;
2. extend to K>1 SSB-RO association pattern period, so that the rule is defined as that the K is determined so that the K SSB-RO association pattern periods can at least provide one RO group for configured N.
For these two ways, the first one is preferred since the configuration is all on gNB implementation and extension to K SSB-RO association pattern period could complicated the design. 

Proposal 1: it’s up to gNB implementation to ensure that there is at least one RO group available to use if the corresponding N value is configured.

Regarding whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions, we think it’s important to align the starting position of each configured N value and confine these RO groups in the same time period X to ease the resource management. Otherwise, the RO group pattern could be quite complicated to maintain especially when multiple N value configured. This is another reason why we think the fixed to one is a good idea. Byt option 2 to implicit determine, there is a chance that UE may determine different K value for different N, which further complicated the resource management and also the burden for resource allocation. Thus, overall, we have following proposal.

Proposal 2: A set of RO group(s) for a configured number of multiple PRACH transmissions is determined within a time period X, starting from frame 0. The determined set of RO groups repeats every period X.
· the time period X is one SSB-RO association pattern period.
· the same time period X is applied to all the configured number(s) of multiple PRACH transmissions.
Note: it’s up to gNB implementation to ensure that there is at least one RO group available to use if the corresponding N value is configured.

In addition, there is another key issue for the RO group determination:Agreement
For RO group determination for multiple PRACH transmissions, following parameters are considered.
· Determination of starting RO for each RO group for each value of the number of multiple PRACH transmissions, down select from the following options.
· Option 1: Index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated. 
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: whether only the starting RO of the first RO group is explicitly indicated, and the starting ROs of the other RO groups are implicitly determined.
· FFS: other ROs for each RO group
· Option 2: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.
· FFS: other ROs for each RO group
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers



Regarding the two candidate options, there are three aspects to decide:
· starting positioning of first RO group
· starting positioning of other RO group
· location of other RO group(s) 
For first aspect, given that we agree the time period X will be the K SSB-RO association pattern period, the flexibility of configuring the first RO group starting RO is not attractive to us. Using implicit method, like the first valid RO in the K SSB-RO association pattern period as the starting RO of the first RO group could complete the job.
  For second and third aspects, which are connected, it targets to flexibly control the starting and location of the assigned RO group. As the FFS points mentioned, whether it is further allowed to have density control or RO group position alignment. For density control, it basically allows gNB to configure more or less RO group within the K SSB-RO association pattern period, however, such function could be represented by NvalidROpertimeperiodX / N, and NvalidROpertimeperiodX is total number of valid RO in the time period X which is already under gNB control, N is the configured number of RO within one RO group which is also under gNB control, thus we believe the gNB already hold the parameter to control the density. 
Observation 2: gNB can already control the density by configuring the number of ROs and N; 
In addition, if the same time period X applies to all configured N, then the implicit determination could also let the starting position of RO groups for different N value be the same or aligned. This is not difficult because the larger N value is usually the multiple integer time of the lower N value. 
In this sense, we think the option 2 could be chosen so that the signaling overhead could be saved. Overall, as we described in above, the determination procedure is like: the first valid RO in the first SSB-RO association period of the K SSB-RO association periods is the starting RO of the first RO group, and the rest RO groups is sequentially determined by every N valid RO after the first RO group.
Proposal 3: option 2 is adopted and the first valid RO after the SFN 0 is the starting RO of the first RO group, and the rest RO groups is sequentially determined by every N valid RO after the first RO group.
Collision of RO
As we agreed the RO for multiple PRACH and singe PRACH could be differentiated by separate PRACH configuration. Given the limited choice of the PRACH configuration index, there is a chance that the configured RO for multiple PRACH is overlapped with the configured RO for single PRACH. However, it’s not a new issue since the 2-step RACH with separate RO have the same overlap as well. And the suitable solution is also the same, to leave to gNB configuration to solve the collision, e.g., when the overlapped RO is unavoidable, gNB could configure different preamble sets for the single PRACH or multiple PRACH. This solution is similar to the shared RO case but under the separate RO configuration. 
Proposal 4: the handling of RO collision between single PRACH and multiple PRACH is up to gNB configuration.

In addition, there could be another collision handling for multiple PRACH transmission, as agreed in last meeting:Agreement
If one or more PRACH transmission(s) of the multiple PRACH transmissions in one PRACH attempt are dropped based on the rules causing to drop PRACH transmission(s) in existing spec., the dropped PRACH transmission(s) is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group.



The existing rules defined in current spec could cause the PRACH Tx dropping in corresponding RO location. Besides, there could be some impact to the PRACH transmission before/after such collided PRACH Tx. For example, if PRACH transmission in RO 2 gets cancelled by existing rules, by DL Rx (in another CC), so UE may cancel such PRACH transmission and because there could be switching time needed before or after such RO. Note that the restrictions on the valid RO cannot be used for DL channel reception (section 11.1 in TS38.213) is for single CC based on the common understanding when the decision made in Rel15. In addition, although be configuration, the RO1 might be in flexible symbol and not configured as DL, but since the RO 2 has DL reception, the symbols in RO1 are likely to be DL as well. Thus, the PRACH transmissions in both RO1 and RO3 could be dropped. 
[image: ]
Fig. 2 illustration of impact of other ROs.
Proposal 5: if PRACH Tx in ith RO within a RO group is cancelled for multiple PRACH transmission based on existing rules, the PRACH Tx in (i-1)th RO and (i+1)th RO (if exist) are also cancelled.

Time span of RO group
Due to the plenty outcome of RO pattern after configuration, validation and association, the determined RO group might not be a very nicely formation, e.g., there could be some gap between different ROs within one RO group. From configuration perspective, it should not be realistic or reasonable to have a RO group time span covers quite large time duration. This might be ensured by gNB configuration as well, although it’s also an open point to discuss whether to put some limits on the time span of the RO group, e.g., the time span of one RO group cannot exceed a certain time duration threshold. This additional rule might ask the UE to drop some RO groups whose time span does not satisfy the requirement, which causes resource to be wasted. Thus, maybe combination of both directions could be also considered as the compromise to handle such issue.
[image: ]
Fig.3 illustration of possible time span restriction
Proposal 6: RAN1 considers the following alternatives to ensure the time span of the RO group to be kept for a reasonable time duration:
Alt. 1: leave to gNB configuration;
Alt.2: the time span of one RO group is required not to exceed a certain time duration threshold

RO group for different N values
As agreed in last meeting, multiple different N values can be configured by gNB. But the details on how to differentiate the different N values are still FFS. And the configuration details are also not clear. Let’s say, there are m N values for multiple PRACH, so that the value of “m” and the corresponding “N” values need to be configured to UE.
Conclusion
If multiple values for the number of multiple PRACH transmissions are configured, support both options to differentiate between multiple PRACH transmissions with different numbers.
· Option 1: Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
· Option 2: Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated between multiple PRACH transmissions with different numbers.

Then, when a UE reads the configuration, it knows how many N values and what N values are configured in the system. In order to differentiate them, in addition to normal methods like different preamble and/or different RO which come from different PRACH configuration, we can also use the FDMed RO to differentiate. As agreed in RAN1, the RO group is a time domain concept. So, if gNB configures multiple FDMed ROs (in current spec, it can be up to 8 FDMed ROs), one or multiple FDMed ROs could be associated with a certain N value. Thus, if the UE selects corresponding RO group with the associated FDMed RO, the gNB will also determine the UE’s selection based on the different FDMed RO.
[image: ]
Fig. 4 example of using FDMed RO to differentiate multiple N values
Proposal 7: RAN1 considers the following alternatives to differentiate multiple N values in case of separate RO:
Alt. 1: separate preamble with shared RO;
Alt.2: separate RO;
Alt. 3: FDMed RO (in same PRACH configuration)

FH within RO group
Another issue that was discussed in the previous meeting was whether to allow the FDM RO or CDM/SDM in one RO for multiple PRACH transmission.
For the first FFS point, the intention is to explore the frequency domain diversity for the multiple PRACH transmissions. It might be beneficial for the case with the larger frequency selective channel condition. However, such benefits may not be essential for multiple PRACH transmissions with same Tx beam, in which the key point is the combination gain through time domain.  For the second FFS point, however, the applicable scenario will be much more limited. It first requires a UE equipped with multiple panel/multiple Tx chains with separate power supply. In addition, for multiple transmission with same tx beam, it cannot add the spatial domain diversity unless it uses different preambles targeting to different SSB with is reception spatial domain diversity. 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.

Proposal 8: Different frequency location of the ROs for one multiple PRACH transmission may or may not be considered. 

Beam determination

Even though whether different Tx beams are supported or not has no RAN1 consensus, the choice for beam determination could follow the current NR RACH procedure, that is, the Tx beam for preamble transmission is up to UE implementation. For the case of same UE Tx beam, the UE Tx beam for the first PRACH transmission of the multiple PRACH transmissions in a RACH attempt should apply to all PRACH transmissions in the RACH attempt. The UE can change the UE Tx beam for another RACH attempt which is up to UE implementation.
Proposal 9: The UE Tx beam for multiple PRACH transmissions is up to UE implementation.
Proposal 10: For multiple PRACH transmissions with same Tx beam, the Tx beam determined for the first PRACH transmission of the multiple PRACH in a RACH attempt should apply to all PRACH transmissions in the RACH attempt.

RACH procedure aspects
In the previous discussion for multiple PRACH (a.k.a., multiple msg1) transmissions, one important principle is to keep one RACH procedure for a UE at any given time. This constrains the complexity of multiple RACH design in both PHY layer and higher layer. Similar to legacy behaviour, there is always one RACH procedure ongoing for a UE. 
Proposal 11: The multiple PRACH transmission is kept as one RACH procedure. 

switching to higher number of multiple PRACH transmission
In last meeting, the following agreement was reached.

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

Following previous design logic, the UE will select one N value based on the DL-RSRP, but the question is, whether the UE is allowed to switch to a higher N value during the multiple PRACH transmissions. For example, if a UE initially selects N=2, whether it can switch to N=4, or N=8 if configured.
There are pros and cons for such potential flexibility. The beneficial part is that it could be more flexible for UE to access the system quicker and possibly use the actual largest power (considering the N time combination) in the system. This could be good for the coverage limited UE which wrongly determines the N value initially. However, it could also complicate the behaviour to have switching operation, such the suitable switching condition should be studied and determined. The reason that a UE fails in a RACH attempt could be quite diverse and increasing the N value is a solution to just one possible reason. If this is wrongly used, the unnecessary interference could also be caused. Having discussed that, we slightly prefer to support it since the whole target of design multiple PRACH is for coverage enhancement, switch to higher number will contribute to that fundamental goal. 
 
Proposal 12: RAN1 supports to switch to higher number of multiple PRACH transmission if applicable.  

PDCCH order
For a UE with RRC connection, the UE can be triggered for PRACH transmission not only by higher layers, but also by a PDCCH order from the gNB. Therefore, more discussion is needed for the case of multiple PRACH transmissions that are triggered by PDCCH order. For example, if the trigger for multiple PRACH transmissions is still based on UE determination of SSB RSRP, which is not known to the gNB, may not be suitable for the case of PDCCH order, and some more study is needed. For example, the gNB signalling can indicate to the UE whether to perform single PRACH transmission or multiple PRACH transmissions. In addition, the DCI format for PDCCH order may need to be further studied for the case of multiple PRACH transmissions.
Proposal 13: RAN1 supports multiple PRACH transmissions triggered by PDCCH order.
Power control
During one RACH attempt with multiple PRACH transmission, the intended transmission power for each of the PRACH should be the same. The intended transmission power means the calculated Tx power based on the power control procedure specified in TS 38.213. It should be noted that the actual transmission power will consider the power prioritization rules in the event of overlap with other UL signals. 
Proposal 14: The calculated transmission power for each of the PRACH in one attempt should be the same.

In order to keep the same calculated Tx power for all PRACH transmissions in one attempt, the same measurement of the same reference signal to calculate the pathloss should be applied, otherwise, there is great possibility that the path loss value could vary from different reference signals or from different measurements from same reference signal. 
Proposal 15: The same measurement of the same reference signal to calculate the pathloss should be applied for each of the Multiple PRACH transmissions in one attempt.

In case of multiple N values configured, one issue is whether use same set of P0 alpha or to use different set of P0 alpha for different N value. In legacy NB-IOT or eMTC discussion, such configuration is allowed. But as we understand it is because the PRACH transmission time is quite large (e.g., 64, 128), so the reception level is quite different from single PRACH. In our current discussion in multiple PRACH, the agreed value is only 2, 4, 8 which is based on the single PRACH transmission. For that reason, we think it’s ok to use the same set of P0 and alpha configured single PRACH.
Proposal 16: The multiple PRACH transmission use the same set of P0 and alpha configuration from single PRACH transmission. 

RA-RNTI
In last meeting, the following option is agreed:

Agreement
RA-RNTI is calculated based on the last valid RO in the RO group corresponding to the multiple PRACH transmissions. 
Note 1: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note 2: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.



In last meeting, the RA-RNTI calculation for multiple PRACH transmission is agreed to be based on the last valid RO in the RO group. However, there is one more thing to decide, the symbol index of the multiple PRACH. In order to separate single PRACH Tx and multiple PRACH Tx, which can alleviate the impact of false PDCCH/PDSCH detection triggering. One solution could assign the possible symbol index and the RO location within the RO group. More specifically, in current design of RA-RNTI, it is:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id,
Without impacting the equation and the legacy behaviour, where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14) for single PRACH transmission. The s_id for multiple PRACH transmission case could be like: the s_id is the index o f the second/last OFDM symbol of the last PRACH occasion within a RO group (0 ≤ s_id < 14) for multiple PRACH transmission. By this solution, it has a benefit that the single PRACH can separate with multiple PRACH (with any number N) by the OFMD symbol used in RA-RNTI calculation.

[bookmark: _Hlk131694828]Proposal 17: for RA-RNTI calculation,  the s_id is the index of the second/last OFDM symbol of the last PRACH occasion within a RO group (0 ≤ s_id < 14) for multiple PRACH transmission.

Preamble/PRACH transmission max
In normal RACH procedure, when UE goes to a new PRACH attempt, it will increase the preamble transmission counter by 1, and the overall procedure is constraint by the max allowed preamble transmission number. This works for single PRACH transmission since UE would only transmit one preamble at one attempt. 
However, for multiple PRACH transmission, there could be two directions if we still want to have such similar constraint. One is still using preamble transmission counter and limited by the max allowed preamble transmission number, only for each re-attempt, we should add the used N value rather than just one. The other direction, is that we can have a PRACH attempt counter, only counts the PRACH attempt times and limits it by gNB configured max allowed attempt number. 
Proposal 18: to constraint the total number of multiple PRACH transmission, considering following to alternatives:
At.1: reuse preamble transmission counter by adding on the multiple transmission number for each attempt;
Alt.2: introduce the PRACH attempt counter and adding one for each attempt. 

Impact of maximum permissible exposure (MPE)
While DL coverage can be well determined and handled based on RSRP measurements, UL coverage may be impacted by additional aspects, such as UE Tx power limitations due to maximum permissible exposure (MPE) issues. Basically, the UE needs to apply additional power back-off, referred to as P-MPR, to meet regulatory requirements. Therefore, UL coverage for a UE may be worse than the UE’s DL coverage since not only the RSRP but also the P-MPR / MPE impact the UL coverage.
Handling the MPE issue was considered since NR Rel-15, where RAN4 specified corresponding P-MPR values [TS 38.101-2]. Additional handling for MPE for Connected-mode UEs was considered by RAN2 in NR Rel-16, where a new power headroom report (PHR) for MPE was adopted, which was later enhanced by RAN1 under Rel-17 feMIMO WI to support beam-specific PHR for MPE reporting [TS 38.321]. 
However, during initial access, there is no RRC connection established for the UE with the gNB, so the above enhancements will not be applicable. Therefore, a UE facing MPE issue (i.e., large P-MPR power back-off) will experience more significant UL coverage issue, and requires further coverage enhancement:
· MPE considerations, in addition to RSRP considerations, can be used for determination of the number of Multiple PRACH transmissions, and power settings for Multiple PRACH transmissions. For example, a UE with large P-MPR power back-off (i.e., worse MPE issue) may be allowed to perform larger number of Multiple PRACH transmissions. In addition, the Multiple PRACH transmission trigger may also be impacted by this MPE limitation. For example, a UE with moderate RSRP that would otherwise not qualify for multiple PRACH transmission, may be allowed to trigger multiple PRACH transmissions when facing large P-MPR power back-off (i.e., worse MPE issue).
· MPE, in addition to RSRP, can be also considered for selection of SSB(s) associated with the multiple PRACH transmissions. For example, when a UE identifies only a first SSB with RSRP above the threshold, TS 38.321 specifies that the UE selects the first SSB for PRACH association. However, if UE Tx beams associated with the first SSB have MPE issues (i.e., large P-MPR power back-off), then PRACH transmission associated with the first SSB would be UL coverage limited. In such case, it may be preferable for UL coverage that the UE uses a second SSB, possibly with RSRP below the threshold, that has no MPE issues. 

Proposal 19: RAN1 considers multiple PRACH transmission enhancements when UE experiences MPE issues, e.g., impact of MPE on: number of multiple PRACH transmission, power settings, the trigger for multiple PRACH transmission, and SSB selection for PRACH association.

Conclusion
This contribution discusses the design consideration for multiple PRACH transmission. Observations and proposals are summarized as follows: 
Observation 1: it’s beneficial to determine the RO group pattern based on the RO pattern for each associated SSB within the SSB-RO association pattern period.
Proposal 1: it’s up to gNB implementation to ensure that there is at least one RO group available to use if the corresponding N value is configured.
Proposal 2: A set of RO group(s) for a configured number of multiple PRACH transmissions is determined within a time period X, starting from frame 0. The determined set of RO groups repeats every period X.
· the time period X is one SSB-RO association pattern period.
· the same time period X is applied to all the configured number(s) of multiple PRACH transmissions.
Note: it’s up to gNB implementation to ensure that there is at least one RO group available to use if the corresponding N value is configured.
Observation 2: gNB can already control the density by configuring the number of ROs and N; 
Proposal 3: option 2 is adopted and the first valid RO after the SFN 0 is the starting RO of the first RO group, and the rest RO groups is sequentially determined by every N valid RO after the first RO group.
Proposal 4: the handling of RO collision between single PRACH and multiple PRACH is up to gNB configuration.
Proposal 5: if PRACH Tx in ith RO within a RO group is cancelled for multiple PRACH transmission based on existing rules, the PRACH Tx in (i-1)th RO and (i+1)th RO (if exist) are also cancelled.
Proposal 6: RAN1 considers the following alternatives to ensure the time span of the RO group to be kept for a reasonable time duration:
Alt. 1: leave to gNB configuration;
Alt.2: the time span of one RO group is required not to exceed a certain time duration threshold
Proposal 7: RAN1 considers the following alternatives to differentiate multiple N values in case of separate RO:
Alt. 1: separate preamble with shared RO;
Alt.2: separate RO;
Alt. 3: FDMed RO (in same PRACH configuration)
Proposal 8: Different frequency location of the ROs for one multiple PRACH transmission may or may not be considered. 
Proposal 9: The UE Tx beam for multiple PRACH transmissions is up to UE implementation.
Proposal 10: For multiple PRACH transmissions with same Tx beam, the Tx beam determined for the first PRACH transmission of the multiple PRACH in a RACH attempt should apply to all PRACH transmissions in the RACH attempt.
Proposal 11: The multiple PRACH transmission is kept as one RACH procedure. 
Proposal 12: RAN1 supports to switch to higher number of multiple PRACH transmission if applicable.  
Proposal 13: RAN1 supports multiple PRACH transmissions triggered by PDCCH order.
Proposal 14: The calculated transmission power for each of the PRACH in one attempt should be the same.
Proposal 15: The same measurement of the same reference signal to calculate the pathloss should be applied for each of the Multiple PRACH transmissions in one attempt.
Proposal 16: The multiple PRACH transmission use the same set of P0 and alpha configuration from single PRACH transmission. 
Proposal 17: for RA-RNTI calculation,  the s_id is the index of the second/last OFDM symbol of the last PRACH occasion within a RO group (0 ≤ s_id < 14) for multiple PRACH transmission.
Proposal 18: to constraint the total number of multiple PRACH transmission, considering following to alternatives:
At.1: reuse preamble transmission counter by adding on the multiple transmission number for each attempt;
Alt.2: introduce the PRACH attempt counter and adding one for each attempt. 
Proposal 19: RAN1 considers multiple PRACH transmission enhancements when UE experiences MPE issues, e.g., impact of MPE on: number of multiple PRACH transmission, power settings, the trigger for multiple PRACH transmission, and SSB selection for PRACH association.
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