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Introduction
In RAN1#112bis-e, the following agreements were made for PRACH coverage enhancements [1]:
	Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2.
Conclusion
There is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18.
Note: multiple PRACH transmissions within one RACH attempt located at same time instance includes multiple PRACH transmissions in FDMed ROs located at the same time instance and multiple PRACH transmissions with different preambles in the same RO.
Conclusion
There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.
Agreement
· 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
[Draft] LS R1-2304070 is endorsed in principle by appending RAN1 agreement “Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2”, as well as fixing the formulation of the LS.
Agreement
Final LS R1-2304141 is endorsed.
Agreement
The starting point of RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
Note: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
· Note: 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 RAN1#113, the following agreements were made for PRACH [2]:
	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.
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.
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.
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.
Conclusion
There is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18.
Agreement (Made in RAN1#111)
· 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.
Agreement (Made in RAN1#112)
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
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.
· 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
· FFS: The frequency hopping offset, if frequency hopping is supported.
· FFS: RO group specific preamble if multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs
· FFS: Time span of the RO group
· All other legacy parameters for single PRACH transmission can be reused, if applicable.
Agreement
· For multiple PRACH transmissions with separate preamble on shared ROs, reuse legacy SSB to RO mapping rule, and only the ROs mapped to SSBs for single PRACH transmission can be used for multiple PRACH transmissions.
Agreement
· For multiple PRACH transmissions on separate ROs, down-select one of the following options:
· Option 1: SSB-to-RO group mapping is introduced.
· Option 2: Reuse legacy SSB to RO mapping rule



In RAN1#114, the following agreements were made for PRACH [3]:
	Agreement
For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule.
Agreement
For a given number of N multiple PRACH transmissions, all the RO groups within a time period X are determined as follows:
· Firstly, the starting RO of the first RO group is determined, then its remaining ROs are determined. Next, the starting RO of other RO groups and its remaining ROs are determined sequentially. 
· the starting RO is determined as follows (down select only one of the Alt.):
· Alt.1 (w/o density control)
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
· Alt.2 (w/ density control)
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then Alt.1 Applies.
· It is not expected to have overlapping RO between any two RO groups for the given number of N multiple PRACH transmissions.
· the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and (down select only one of the Alt.) 
· Alt. 1 (the starting RB of ROs within a RO group is the same) the N-1 ROs are with the same starting RB as the starting RO.
· Alt. 2 (the starting RB of ROs within a RO group can be different) the N-1 ROs are with the lowest frequency resource index in corresponding time instance.
· Alt. 3 (the starting RB of within a RO group can be different and a frequency offset is configured) the N-1 ROs are determined based on a configured frequency offset.
· Alt. 4 (the starting RB of ROs within a RO group can be different), the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs associated with the same SSB in corresponding time instances.
Agreement
Add the following notes to the above agreement:
Note1: “the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.” is illustrated as in the following figure (N=2, for ROs associated with SSB#0). This works for both Alt.1 and Alt.2 for the starting RO determination.
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Note2: all the ROs mentioned in the agreement are valid ROs associated with the given same SSB(s) and all the RO groups mentioned in the agreement are RO groups consisting of valid ROs associated with the given same SSB(s).
Note3:  of an RO, frequency resource index of an RO, and the starting RB of an RO indicate the same meaning, i.e., locate in the same frequency position.

Conclusion
For multiple PRACH transmissions with the same Tx beam, the two transmission power determination equations (just for reference: equation (1) and (2) as shown in the reference) of Rel-17 NR PRACH are reused for calculating the transmission power of each PRACH transmission, i.e.,
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.
Note: The following is for reference.
	For reference:
The power control formula of NR PRACH consists of the following two steps:
Step 1: Calculate the receive target power of one single transmission. 
PREAMBLE_RECEIVED_TARGET_POWER=preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep   (1)
Step 2: Calculate the transmission power of single transmission.
P_PRACH = min{P_CMAX(i), PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm] (2)



Agreement
For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO groups within a time period X:
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
Agreement
For the number of SSB-to-RO association pattern periods K within the time period X,
· For multiple PRACH transmissions with different numbers, support 
One common K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.
Agreement
For a given number of N multiple PRACH transmissions, the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, to determine the remaining N-1 ROs:
· the N-1 ROs are with the same starting RB as the starting RO.



In the contribution we discuss the remaining issues for multiple PRACH transmissions.
Discussion on remaining issues
Based on previous discussions on past meetings [4], the following remaining issues need to be discussed:
· Rules causing to drop PRACH transmissions.
· Any additional conditions for triggering multiple PRACH transmissions.
· Supported values for time offset parameter for each number of PRACH TX for density control.
· Interaction between multiple PRACH transmissions and other transmissions.
· Whether/how to support multiple PRACH transmissions for CFRA.
In the following, we discuss about these remaining issues. 

Dropping rules for PRACH
The following agreement was made in RAN-113 meeting [2]:
	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.



Based on above agreement, the existing dropping rules are applicable to multiple PRACH transmissions and the dropped transmission is not postponed. It is also to be determined whether any additional dropping rules are needed for multiple PRACH transmissions. 
Based on the existing specification in Section 8.1 of TS 38.213 (as excerpted below), the PRACH transmission is dropped when the gap between a PRACH transmission and a PUSCH/PUCCH/SRS transmission is less than N. In addition, this existing dropping rule also applies to each actual PUSCH repetition for PUSCH transmission with repetition Type-B. See the yellow highlighted text below.
	For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214].



Based on the observations above, the same dropping rules should be applicable to each actual PRACH transmission of multiple PRACH transmissions to ensure the compatibility of existing rule to multiple PRACH transmissions in Rel-18. Similarly, the existing dropping rules should be applicable for each actual PRACH transmission of multiple PRACH transmissions. 
For example, the existing rules should be extended to multiple PRACH transmissions, as illustrated in the text below. 
	For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS/PRACH transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214]. For multiple PRACH transmissions, this applies to each actual PRACH transmission. 



We propose the following new dropping rule for multiple PRACH transmissions.
Proposal 1: The existing PRACH dropping rule (in Section 8.1, TS38213) is extended to each actual PRACH transmission for multiple PRACH transmissions. 
Proposal 2: The existing PRACH dropping rule (in Section 8.1, TS38213) based on a minimum gap N between a PRACH transmission and a PUSCH/PUCCH/SRS transmission is extended to the case between a PRACH transmission and another PRACH transmission. 

[bookmark: _Hlk146718950]Triggering and configuration for multiple PRACH transmissions
In RAN1-111, the following agreement was made:
	Agreement (Made in RAN1#111)
· 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.



SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions when multiple PRACH transmissions are used. However, it was not clear during the discussions whether the above agreement applies to determining if single vs. multiple PRACH transmissions should be used. In one understanding, UE may need to reach a certain output power before multiple PRACH transmissions are triggered. In other understanding, UE determines whether to perform single or multiple PRACH transmissions based on SSB-RSRP measurements alone. The first understanding would require a minimum compulsory output for multiple PRACH transmissions whereas the latter understanding would not put any maximum transmission power as a requirement. 
In our view, the similar approach as NB-IoT/LTE-MTC can be considered where the determination between single PRACH and multiple PRACH transmissions is based on SSB-RSRP threshold alone. After UE determines the number of PRACH transmissions (and after UE determines whether to transmit single or multiple PRACH), UE transmits the first RACH attempt with no compulsory transmit power requirement. If the first RACH attempt fails, UE performs power ramping using the same number of PRACH transmissions. 
We propose the following: 
Proposal 3: The maximum transmission power is NOT compulsorily applied for the first RACH attempt with multiple PRACH transmissions. 
Proposal 4: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.

Time offset configuration between RO groups
In the previous RAN1-114 meeting [3], it was agreed that an optional time offset parameter can be configured to increase the gap between two consecutive RO groups. One remaining issue is regarding the possible set of values for the time offset. 
As agreed in RAN1-114, the time offset applies between the starting RO of the n-th RO group and the starting RO of the (n+1)-th RO group. One remaining aspect is whether the same time offset value applies to all number of PRACH transmissions or whether different time offset value is configured for each number of transmissions. Both approaches have advantages and disadvantages. If a single time offset value is configured for all transmission numbers, the RO group determination will be simpler from both gNB and UE perspective. In addition, there will be the same number of RO groups for each number of multiple PRACH transmissions in most cases. If different values for time offset is configured for different number of PRACH transmissions, there will be more flexibility with the RO group density. However, the benefit of such flexibility is not clear. So, we propose the following:
Proposal 5: Time offset parameter configures one value which is applicable to all supported numbers of multiple PRACH transmissions.

Multiple PRACH transmissions for CFRA
The discussions on multiple PRACH transmissions have so far focused on CBRA, although the agreed design can be extended to CFRA case with minimal modifications. Having a complete multiple PRACH transmissions for 4-step RACH is preferred in Rel-18, which should include both CBRA and CFRA. 
However, since Rel-18 maintenance phase has started from RAN1 perspective, any additional enhancements or optimizations should be avoided for CFRA. We propose the following:
Proposal 6: Extend the R18 multiple PRACH transmissions design for CFRA without introducing any additional enhancements.

Conclusions
We have the following proposals:
Proposal 1: The existing PRACH dropping rule (in Section 8.1, TS38213) is extended to each actual PRACH transmission for multiple PRACH transmissions. 
Proposal 2: The existing PRACH dropping rule (in Section 8.1, TS38213) based on a minimum gap N between a PRACH transmission and a PUSCH/PUCCH/SRS transmission is extended to the case between a PRACH transmission and another PRACH transmission. 
Proposal 3: The maximum transmission power is NOT compulsorily applied for the first RACH attempt with multiple PRACH transmissions.  
Proposal 4: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
Proposal 5: Time offset parameter configures one value which is applicable to all supported numbers of multiple PRACH transmissions.
Proposal 6: Extend the R18 multiple PRACH transmissions design for CFRA without introducing any additional enhancements.
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