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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 as well as different beams.
Multiple PRACH with different beams
Interests for multiple PRACH transmission has been raised almost from first days in RAN1 design on NR initial access. The unique, beam-based directional transmission in NR triggered the need for multiple PRACH transmissions to explore either spatial diversity gain or the repetition gain for FR2. The fundamental reason is that a UE has no knowledge of which direction is the best for it to transmit. 
In Rel-15 RAN1 NR Ad-Hoc#2 [2], RAN1 had agreed to support multiple msg1 transmission with supporting both same and different UE Tx beams. The argument at that time was that, for a UE with beam correspondence, the UE knows the preferred UL Tx beam based on the DL Rx beam, then it can enjoy the repetition gain for quick access. For the UE without beam correspondence, the UE does not know the preferred UL tx beam thus it needs to try with different directions. So multiple PRACH transmissions with different Tx beams could allow such UE to quickly do UL beam sweeping and being identified by gNB. 

Observation 1: Both UEs with or without beam correspondence could benefit from multiple PRACH transmissions with same or different beams.
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During the continuous design of NR, with joint discussion with RAN1 and RAN4, the beam correspondence became a UE mandatory feature for a NR UE with different condition. It is still realistically impossible for all UE to know the preferred UL Tx beam during initial access. Based on the description for the UE's beam correspondence capability IE, beamCorrespondenceWithoutUL-BeamSweeping, as captured below, a UE not presented with such IE needs to satisfy the corresponding requirement with UL beam sweeping. This suggests that a UE without such capability needs multiple chances for different beam transmissions.From TS 38.101-2
6.6.4.1	General
The beam correspondence requirement for power class 3 UEs consists of three components: UE minimum peak EIRP (as defined in Clause 6.2.1.3), UE spherical coverage (as defined in Clause 6.2.1.3), and beam correspondence tolerance (as defined in Clause 6.6.4.2).  The beam correspondence requirement is fulfilled if the UE satisfies one of the following conditions, depending on the UE's beam correspondence capability IE beamCorrespondenceWithoutUL-BeamSweeping, as defined in TS 38.306 [14]:
-	If beamCorrespondenceWithoutUL-BeamSweeping is supported, the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with its autonomously chosen UL beams and without uplink beam sweeping.  Such a UE is considered to have met the beam correspondence tolerance requirement.
-	If beamCorrespondenceWithoutUL-BeamSweeping is not present, the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with uplink beam sweeping.  Such a UE shall meet the beam correspondence tolerance requirement defined in Clause 6.6.4.2 and shall support uplink beam management, as defined in TS 38.306 [14].


In addition, since Rel-16/17 specified multi-TRP operation, PRACH transmission with different beams could increase the possibility of being detected by any of the TRPs which may locate in different directions. 
Thus, for a UE that initiates the contention-based 4-step RACH and without the beam correspondence capability, it is necessary to support different beams for multiple PRACH transmission.
  
Observation 2: if beamCorrespondenceWithoutUL-BeamSweeping is not present, a UE needs to conduct uplink beam sweeping. 
Proposal 1: RAN1 supports to specify multiple PRACH transmissions with different beams for 4-step RACH procedure.
Design for multiple PRACH transmission
In case of the design for multiple PRACH transmission, 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. 
PRACH related
RO determination
In order to allow multiple PRACH transmission, one important issue is to design a RO determination method based on existing RACH framework. For current NR RACH framework, by having a PRACH configuration index, UE can determine the RO pattern in time domain within one slot and repeated in the indicated slot indexes. The ROs within one slot are consecutive to each other. In frequency domain, the number of consecutive ROs is also configured by gNB. After determination of the RO resources based on the configuration, the UE needs to identify the valid ROs based on the validation rule specified in TS 38.213. Only valid ROs are associate with the SSB indexes indicated by gNB thus get the chance to be selected by the UE to transmit. The total number of PRACH preambles in one RO is configured and the exact number and starting position of the PRACH preamble for one SSB is calculated based on the mapping ratio. Most importantly, the UE selects only one RO and one PRACH preamble corresponding to its qualified/selected SSB to transmit during one RACH attempt. During the re-attempt, the UE can change the selected SSB and/or the selected RO and/or the selected PRACH preamble.
Observation 3: In existing RACH framework, the UE determines and validates the RACH occasions and associates the valid RACH resources to the SSBs, and only one PRACH preamble in one RO is allowed during one RACH attempt.
Proposal 2: The RO determination for multiple PRACH transmission should be based on existing NR RACH framework.

Given such principle, there are two directions to enable the multiple PRACH transmissions. One is a RO bundle based method, the other is multiple DL beam selection based method. 
In the RO bundle based method, a RO bundle is formulated with a number of RO inside one RO bundle. An example is shown in Figure 1, where each RO bundle consists of two ROs and one slot includes 3 RO bundles. During the multiple PRACH transmissions, UE shall select one RO bundle and transmit a same PRACH preamble in each of the ROs within the selected RO bundle.  One potential benefit for this method is that, the ROs are bundled together so that the gNB can conveniently identify the PRACH transmissions that are from one same UE that simplifies the gNB follow-up feedback procedure. Other aspects that could be further discussed are whether the RO bundle is determined based on configured ROs or only valid ROs, or, before or after SSB-RACH association, within or across different slots etc.
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Fig.1 – Illustration of RO bundle.
In the multiple DL beam selections based method, a UE will be allowed to select multiple DL beams (e.g., SSBs) to enable the multiple PRACH transmission. For example, each SSB with only one RACH transmission is kept as in current NR RACH framework. As an example shown in following figure, each SSB associated with two ROs. Then the UE could select two SSBs and transmit one PRACH with each of the selected SSB, overall two PRACH transmissions from the same UE are allowed. For this method, the UE can select the ROs per UE implementation or can be based on predetermined rule or higher layer configuration. By using this method, the potential benefit is that mostly the RACH resource and determination procedure could follow current RACH framework, connection latency can be additionally improved, and different TRPs can be accessed by the UE, but how to handle the multiple RACH procedure or follow-up feedback from gNB needs further study. 
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Fig.2 – Illustration of RO bundle with associated SSBs.

Proposal 3: For RO determination for multiple PRACH transmission, consider either or both of the following two methods:
· RO bundle based;
· Multiple DL beam selection based.

Preamble determination

In addition to RO determination, the preamble determination is another aspect to determine the transmission of multiple PRACH. Following the principle in current NR RACH procedure, the preamble to be transmitted should be selected by the UE. Whether to allow different preambles in different ROs can be further discussed. For example, for the RO bundle-based method, the gNB can identify that the multiple PRACHs are from the same UE, then using the same preamble for all transmitted ROs is preferred.  For the multiple DL beam based method, every PRACH transmission is regarded independently to each other, then different preambles in different PRACH transmissions can be considered as well.
Proposal 4: The PRACH preamble to be transmitted should be selected by the UE, FFS whether same or different preambles apply to the multiple PRACH transmissions.

Beam determination

Even though whether different Tx beams are supported or not is still under study, 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 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 5: The UE Tx beam for multiple PRACH transmissions is up to UE implementation.
Proposal 6: 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 related
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 7: The multiple PRACH transmission is kept as one RACH procedure. 

Trigger and number of multiple PRACH transmission
The UE can be provided a trigger condition, such as an SSB RSRP threshold, to qualify for multiple PRACH transmission. Depending on the target for PRACH coverage enhancement, it is possible that only one or multiple values are configured for possible numbers of multiple PRACH transmission. The UE may determine the number of transmissions based on an SSB RSRP. 
 
Proposal 8: The UE initiates multiple PRACH transmission when SSB RSRP is smaller than a threshold. The UE can also determine the number of multiple PRACH transmission based on the SSB RSRP. 

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 9: 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 10: 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.

Power ramping
In NR Rel-15, the power ramping counter is introduced in addition to the legacy preamble transmission counter. The power ramping counter will increase during the RACH re-attempt if the selected UL Tx beam and the selected SSB doesn’t change, otherwise, the power ramping counter should be kept unchanged. A similar principle can apply to multiple PRACH transmissions with same Tx beam. For multiple PRACH transmissions with different Tx beam, a different manner to consider the change of UL Tx beam(s) should be studied.
Proposal 11: A similar principle of Rel-15 power ramping behaviour can apply to multiple PRACH transmission with same Tx beam, FFS the case with different Tx beams if supported.

RAR monitoring
After the multiple PRACH transmissions, the UE needs to monitor the feedback from gNB. However, given different design choices, several aspects should be considered.
First, when to start the monitoring RAR? Following the discussion progress in Rel-15, after the first PRACH transmission, a UE may be allowed to monitor RAR. However, at that time there was no strong consideration to optimize the procedure for  coverage enhancement. If the coverage limited use case is considered, then starting of RAR monitoring after all multiple PRACH transmissions may be more effective. 
Second, does UE expect to receive multiple RARs or single RAR within one window? E.g., if UE detects one RAR, should this UE continue monitoring or stop monitoring? This is related to whether the PRACH procedure with multiple transmissions is designed to allow gNB to identify the multiple PRACH transmissions from a single UE or not. If gNB is able to identify that the multiple PRACH transmissions are from a single UE, the gNB can send a unique RAR to the UE instead of sending multiple RARs and wasting multiple resources.  If gNB is not able to identify that these PRACH transmission are from a same UE, then gNB has no choice but to provide feedback to every detected PRACH preamble. Thus, whether single RAR or multiple RARs for the multiple PRACH transmissions depends on the multiple PRACH transmission design. 
Proposal 12: For the start of the RAR monitoring, consider the following two options:
· UE can monitor RAR after the first PRACH transmission in one attempt;
· UE can monitor RAR after the last PRACH transmission in one 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 both RSRP and 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 connection established for the UE with the gNB, so the above enhancement will be not applicable. Therefore, a UE facing MPE issue (i.e., large P-MPR power back-off) will experience more significant coverage issue, so 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 (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.
Proposal 13: Further study 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.

Conclusion
This contribution discusses the design consideration for multiple PRACH transmission. Observations and proposals are summarized as follows: 
Observation 1: Both UEs with or without beam correspondence could benefit from multiple PRACH transmissions with same or different beams.
Observation 2: if beamCorrespondenceWithoutUL-BeamSweeping is not present, a UE needs to conduct uplink beam sweeping. 
Proposal 1: RAN1 supports to specify multiple PRACH transmissions with different beams for 4-step RACH procedure.
Observation 3: In existing RACH framework, the UE determines and validates the RACH occasions and associates the valid RACH resources to the SSBs, and only one PRACH preamble in one RO is allowed during one RACH attempt.
Proposal 2: The RO determination for multiple PRACH transmission should be based on existing NR RACH framework.
Proposal 3: For RO determination for multiple PRACH transmission, consider either or both of the following two methods:
· RO bundle based;
· Multiple DL beam selection based.

Proposal 4: The PRACH preamble to be transmitted should be selected by the UE, FFS whether same or different preambles apply to the multiple PRACH transmissions.
Proposal 5: The UE Tx beam for multiple PRACH transmissions is up to UE implementation.
Proposal 6: 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 7: The multiple PRACH transmission is kept as one RACH procedure. 
Proposal 8: The UE initiates multiple PRACH transmission when SSB RSRP is smaller than a threshold. The UE can also determine the number of multiple PRACH transmission based on the SSB RSRP. 
Proposal 9: The calculated transmission power for each of the PRACH in one attempt should be the same.
Proposal 10: 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 11: A similar principle of Rel-15 power ramping behaviour can apply to multiple PRACH transmission with same Tx beam, FFS the case with different Tx beams if supported.
Proposal 12: For the start of the RAR monitoring, consider the following two options:
· UE can monitor RAR after the first PRACH transmission in one attempt;
· UE can monitor RAR after the last PRACH transmission in one attempt;
Proposal 13: Further study Multiple PRACH transmission enhancements when UE experiences MPE issues: e.g., impact of MPE on: number of multiple PRACH transmissions, power settings for multiple PRACH transmission, the trigger for multiple PRACH transmission.
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