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Introduction
In RAN1#112bis-e meeting, the following agreements were achieved regarding PRACH coverage enhancement [1].  
	Agreement
Confirm the following working assumptions.
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.

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 this contribution, we focus on discussing the remaining issues of multiple PRACH transmissions with same beam in the following aspects.
ROGs with different number of valid ROs
In RAN1#112bis-e meeting, it was agreed that the number of valid ROs in the RO group (ROG) is equal to one of the configured number(s) of multiple PRACH transmissions. If multiple values are configured for multiple PRACH transmissions, to differentiate the ROGs with different number of valid ROs, the following two options can be considered:
· Option 1: ROGs with different number of valid ROs can be differentiated by using separate preambles on partially shared ROs.
· Option 2: ROGs with different number of valid ROs can be differentiated by using separate ROs.
It is assumed that each SSB index is mapped to the ROGs with different number of valid ROs. For Option 1, it is preferred to associate one SSB index with the number of shared RO(s) as much as possible, which facilitates the gNB using the same receiving beam to detect the preambles in the corresponding RO(s). While considering that the number of available preambles in one RO is limited, Option 2 is also necessary as a complement.
Proposal 1: 
· To provide sufficient resources for multiple PRACH transmissions, both separate preambles (i.e., Option 1) and separate ROs (i.e., Option 2) should be used to differentiate the ROGs with different number of valid ROs. 
Frequency hopping within ROG
It was agreed that at least ROs located at different time instances can be used for multiple PRACH transmissions with same beam in RAN1#110b-e and there is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18 in RAN1#112bis-e. Therefore, ROG with valid ROs located at different time instances is an essential configuration in Rel-18. When the parameter msg1-FDM is greater than one, multiple ROs can be configured at one time instance which are frequency multiplexed. Hence such configuration provides an opportunity for UE to achieve additional frequency diversity gain by varying starting RB of ROs at different time instances within the ROG, i.e., frequency hopping within ROG. However, the gain that the frequency hopping within ROG can achieve depends on the channel conditions and the frequency hopping pattern. When the channel condition is frequency flat, the frequency hopping gain is very limited. Therefore, to approach the maximum frequency diversity gain, we proposed that the starting RB of ROs at different time instances should be selected to maximize the frequency span of the ROG. 
For example, as illustrated in Figure 1, if Msg1-FDM = 8 ROs in frequency domain, 
· for one ROG (e.g., ROG1) consisting of 2 valid ROs located at different time instances, the frequency hopping distance (Drog1) between the starting RBs of two contiguous ROs in time domain is determined by 8/2 = 4 ROs so as to guarantee the minimum frequency span of ROG1 up to 5 ROs;
· for one ROG (e.g., ROG2) consisting of 4 valid ROs located at different time instances, the frequency hopping distance (Drog2) is determined by 8/4 = 2 ROs so as to guarantee the minimum frequency span of ROG2 up to 7 ROs. 
· for one ROG (e.g., ROG3) consisting of 8 valid ROs located at different time instances, the frequency hopping distance (Drog3) is determined by 8/8 = 1 RO so as to guarantee the minimum frequency span of ROG3 up to 8 ROs. 
This frequency hopping pattern enables the channels of different ROs of one ROG varying significantly in frequency domain so as to achieve maximum frequency diversity gain.
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Figure 1: Different starting RB of ROs at different time instances
Proposal 2: 
· Frequency hopping within ROG should be supported to achieve frequency diversity. To approach the maximum frequency diversity gain, the frequency hopping distance should be selected to maximize the frequency span of one ROG. 
SSB-to-ROG Association
[bookmark: OLE_LINK1]Since the ROG is introduced to specify the group of valid ROs for multiple PRACH transmissions and all ROs in one ROG is associated with the same SSB(s). Therefore the legacy SSB-to-RO association method could be reused for SSB-to-ROG association where the RO is replaced by ROG to reduce the spec efforts. That is, for a specific value of number of multiple PRACH transmissions, the SSB (SS/PBCH block) indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to ROGs for multiple PRACH transmissions in the following order, 
· First, in increasing order of preamble indexes within a ROG
· Second, in increasing order of frequency resource indexed for frequency multiplexed ROGs
· Third, in increasing order of time resource indexed for time multiplexed ROGs within a PRACH slot group
· Fourth, in increasing order of indexes for PRACH slot groups
As one ROG consisting of multiple valid ROs located at different time instances may cover several PRACH slots, “PRACH slot group” is assumed to specify a group of PRACH slots corresponding to one ROG.
Proposal 3: 
· PRACH slot group is assumed for multiple PRACH transmissions over a ROG, where the PRACH slot group consisting of a set of PRACH slot(s) corresponding to the ROG . The legacy SSB-to-RO association method is reused for SSB-to-ROG association except that the RO is replaced by ROG.
Power allocation for multiple PRACH transmissions
For single PRACH transmission, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion would exceed the maximum transmission power for FR1 and FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the priority order in TS38.213 Section 7.5. If due to the above mentioned power allocation to PUSCH/PUCCH/PRACH/SRS transmissions, or due to power allocation in DC operation, or due to slot format determination, or due to the PUSCH/PUCCH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small, or due to HD-UE operation in paired spectrum, the UE transmits a PRACH with reduced power or does not transmit a PRACH in the transmission occasion.

For multiple PRACH transmissions, if the current PRACH transmission in the parallel UL transmissions in a respective transmission occasion is one of multiple PRACH transmissions over a ROG, the following two options of power allocation can be considered,
· Option 1: the UE transmits the current PRACH with reduced power or does not transmit the current PRACH in the collided transmission occasion.
· Option 2: the UE transmits each of multiple PRACH transmissions over a ROG including the current PRACH with reduced power or does not transmit any of multiple PRACH transmissions over a ROG including the current PRACH.      
For Option 1, the power degradation or dropping of the current PRACH transmission may incur unsuccessful detection of the whole multiple PRACH transmissions, since multiple PRACH transmissions over a ROG are usually configured in a poor coverage scenario.  For Option 2, the power degradation of the whole multiple PRACH transmissions may incur a retransmission attempt of multple PRACH transmissions at the cost of additional resource consumption or the dropping of the whole multiple PRACH transmissions incurs an access delay. It can be observed that due to power allocation among parallel UL transmissions, the power degradation or dropping of multiple PRACH transmissions has much more impacts on the system performance compared to single PRACH transmission. Therefore, the priority of multiple PRACH transmission for power allocation should be promoted compared to single PRACH transmission or the multiple PRACH transmissions should be avoided for parallel UL transmissions.
Proposal 4: 
· To reduce the performance impacts due to power degradation or dropping of multiple PRACH transmissions, the priority of multiple PRACH transmission for power allocation should be promoted compared to single PRACH transmission or the multiple PRACH transmissions should be avoided for parallel UL transmissions. 

Conclusion
In this contribution, we discussed the remaining issues of multiple PRACH transmissions with same beam, and our proposals are summarized below: 

Proposal 1: 
· To provide sufficient resources for multiple PRACH transmissions, both separate preambles (i.e., Option 1) and separate ROs (i.e., Option 2) should be used to differentiate the ROGs with different number of valid ROs. 

Proposal 2: 
· Frequency hopping within ROG should be supported to achieve frequency diversity. To approach the maximum frequency diversity gain, the frequency hopping distance should be selected to maximize the frequency span of one ROG. 

Proposal 3: 
· PRACH slot group is assumed for multiple PRACH transmissions over a ROG, where the PRACH slot group consisting of a set of PRACH slot(s) corresponding to the ROG . The legacy SSB-to-RO association method is reused for SSB-to-ROG association except that the RO is replaced by ROG.

Proposal 4: 
· To reduce the performance impacts due to power degradation or dropping of multiple PRACH transmissions, the priority of multiple PRACH transmission for power allocation should be promoted compared to single PRACH transmission or the multiple PRACH transmissions should be avoided for parallel UL transmissions. 
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