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1. Introduction

In RAN1#114, the discussion on PRACH coverage enhancements in Rel-18 was finalized in RAN1, and the following agreements were made [1]. In RAN#101, the corresponding CRs for RAN1 were approved [2]. However, there are still no conclusion on some remaining issues discussed in previous several RAN1 meetings [3]. This contribution discusses the following remaining issues:
· Determination of the number of multiple PRACH transmissions
· Power control
· Interaction between multiple PRACH transmissions and other transmissions
· Related RRC parameters
2. Discussion
2.1. Determination of the number of multiple PRACH transmissions
The determination of the number of multiple PRACH transmissions was discussed in past several meetings. It was agreed in RAN1#111 that 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. Several companies including us raised that the multiple PRACH transmissions can be triggered when UE reaches its maximum transmission power [3]. As a compromise, the following proposal was raised as a middle ground [3].
Proposal 4-1

For the first RACH attempt, the UE determines

· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches maximum transmission power.
· If multiple PRACH transmissions are performed, the number of multiple PRACH transmissions based on SSB-RSRP threshold(s).
For legacy single PRACH transmission, the PRACH power is set according to the preambleReceivedTargetPower and pathloss, which is based on measured RSRP. If no RAR is received by UE, UE will retransmit the PRACH with ramped power, until it reaches the maximum output power. That is, the coverage of legacy PRACH can be enhanced through power domain. In Rel-18, multiple PRACH transmission is introduced for further coverage enhancement of PRACH. It is reasonable that PRACH coverage enhancement is performed first in power domain, then in time domain. 

If the calculation result of single PRACH power based on the SSB-RSRP threshold for triggering multiple PRACH transmission does not reach the PCMAX,f,c, how should UE determine, single or multiple PRACH transmission? In our view, in this case, single PRACH transmission should be used, since it is not necessary to perform multiple PRACH transmission, which requires more PRACH resource.
If the calculation result of single PRACH power based on the SSB-RSRP threshold for triggering multiple PRACH transmission reaches the PCMAX,f,c, it means that the PRACH coverage cannot be enhanced further through power domain, it is reasonable that multiple PRACH transmission is used to further enhance the PRACH coverage. In this case, actually the condition of UE reaching the maximum output power is used to trigger multiple PRACH transmission. 
As the analysis above, we share the proposal raised in [3] as a compromise, with the following revision.
For the first RACH attempt, the UE determines

· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches its maximum transmission power, i.e., PCMAX,f,c.
· If multiple PRACH transmissions are determined, the number of multiple PRACH transmissions is based on the configured SSB-RSRP threshold(s).
Proposal 1: 

For the first RACH attempt, the UE determines

· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches its maximum transmission power, i.e., PCMAX,f,c.
· If multiple PRACH transmissions are determined, the number of multiple PRACH transmissions is based on the configured SSB-RSRP threshold(s).

2.2. Power control
For calculation of multiple PRACH transmission power, the following proposal was raised in [3]. 
For multiple PRACH transmissions with the same Tx beam, if power ramping between each RACH attempt is applied, the PREAMBLE_RECEIVED_TARGET_POWER is set to:

preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep + delta_MultiplePRACH.

where preambleInitialReceivedTargetPower is the initial power of preamble indicated by BS, DELTA_PREAMBLE is the preamble format based power offset values, PREAMBLE_ TRANSMISSION _COUNTER represents the number of preamble transmission, powerRampingStep indicates the power increase step when RACH fails.

· FFS: the definition of PREAMBLE_ TRANSMISSION _COUNTER for multiple PRACH transmissions.

· FFS: value of delta_MultiplePRACH.

Although the definition of PREAMBLE_RECEIVED_TARGET_POWER is specified in TS 38.321, RAN1 can provide some advices on the power control of PRACH from perspective of PRACH coverage. In our view, the definition of PREAMBLE_RECEIVED_TARGET_POWER should be the same as the one for legacy single PRACH. Then the repetition of PRACH can have coverage gain through time domain.
For the parameter delta_MultiplePRACH, we think it is useful for vendor to optimize multiple PRACH specific power offset. The value of delta_MultiplePRACH can be determined in RAN2. 
Proposal 2: The calculation of each PRACH’s power for multiple PRACH transmission is the same as  that of legacy single PRACH’s power. 

Proposal 3: A multiple PRACH specific power offset, i.e., delta_MultiplePRACH, can be used for PRACH’s power calculation.
For legacy single PRACH transmission, the Msg3 transmission power is calculated based on msg3-DeltaPreamble and preambleReceivedTargetPower defined in TS 38.321, as following description in TS 38.213.
If a UE established dedicated RRC connection using a Type-1 random access procedure, as described in clause 8, and is not provided P0-PUSCH-AlphaSet or for a PUSCH (re)transmission corresponding to a RAR UL grant as described in clause 8.3, 
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The transmission power of Msg3 PUSCH is derived from PRACH power ramping, in order to corresponding coverage. For multiple PRACH transmission, it needs to clarify how to determine the transmission power of Msg3 PUSCH after a number of multiple PRACH transmission. The transmission power of Msg3 PUSCH should be set based on the coverage of multiple PRACH, instead of one PRACH of them. Then, the transmission power of Msg3 PUSCH may be set according to the number of multiple PRACH, and the transmission power of each PRACH, in order to have equivalent coverage. A new power offset parameter, named msg3-DeltaPreamble-r18 can be defined to achieve similar target. It is proposed to study how to set the Msg3 PUSCH transmission power, when multiple PRACH transmission is performed. 
Proposal 4: Study how to set Msg3 PUSCH transmission power, when multiple PRACH transmission is performed.
Msg3 PUSCH repetition may be triggered since one Msg3 PUSCH with maximum transmission power may not be able to cover the overall coverage requirement derived from multiple PRACH. This issue is discussed further in clause 2.3. 
2.3. Interaction between multiple PRACH transmissions and other transmissions
For the first PRACH attempt, SSB-RSRP thresholds are agreed to determine the number of multiple PRACH transmission. If multiple PRACH transmissions is triggered, the coverage of UL is poor. It means the coverage of Msg3 transmission may be even worse. It is rare case that the PRACH coverage is poor but the Msg3 PUSCH coverage is good. If UE supports both multiple PRACH transmissions and Msg3 PUSCH repetition, the multiple PRACH transmissions should be able to trigger Msg3 repetition simultaneously.  
In Rel-17, rsrp-ThresholdMsg3 is defined as a RSRP threshold for Msg3 repetition. In Rel-18, if rsrp-ThresholdMsg3 is not configured by network, UE can determine Msg3 repetition based on whether multiple PRACH transmission is triggered. 
Proposal 5: At least for the case that rsrp-ThresholdMsg3 is not configured by network, Msg3 PUSCH repetition is triggered simultaneously, if multiple PRACH transmission is determined.
The dynamic switching between DFT-S-OFDM and CP-OFDM is discussed for PUSCH coverage enhancement. For Msg3 PUSCH, it does not make sense that waveform is only determined by higher layer configured parameter msg3-transformPrecoder. For poor coverage scenario, DFT-S-OFDM should be allowed even if CP-OFDM is determined by the absence of msg3-transformPrecoder. Similar to the trigger of Msg3 PUSCH repetition, switching to DFT-S-OFDM should by triggered for coverage enhancement. The condition to trigger switching to DFT-S-OFDM is poor coverage, which can be determined during the same procedure of multiple PRACH transmissions determination. It is not necessary to evaluate coverage based on SSB-RSRP thresholds separately. We propose that if multiple PRACH transmission is determined, DFT-S-OFDM waveform for Msg3 PUSCH is triggered simultaneously.

Proposal 6: If multiple PRACH transmission is determined, DFT-S-OFDM waveform for Msg3 PUSCH is triggered simultaneously. 
2.4. Related RRC parameters

Based on current agreements in RAN1 [3] and our proposal, the PRACH coverage enhancements related RRC parameters are list as following. 
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)

	multiple PRACH transmissions
	
	NumberOfMsg1-Repetitions-r18
	new
	The number of repetitions for PRACH transmissions with the same Tx beam.
	SEQUENCE (SIZE (1..3)) OF INTEGER (2, 4, 8)
	Cell-specific

	multiple PRACH transmissions
	
	rsrp-ThresholdSSBMsg1
	new
	The RSRP threshold corresponding to each number in NumberOfMsg1-Repetitions-r18.
	RSRP-Range
	Cell-specific

	multiple PRACH transmissions
	
	TimeOffsetBetweenStartingRO-r18
	new
	If this parameter is configured for a given number of N multiple PRACH transmissions, it is used to configure the time offset of the starting ROs between two adjacent RO group for each frequency resource index.

If this parameter is not configured for a given number of N multiple PRACH transmissions, the starting RO of RO groups are implicitly determined.
	
	Cell-specific

	multiple PRACH transmissions
	
	delta_MultiplePRACH
	new
	Multiple PRACH specific power offset to calculate the PRACH power when multiple PRACH transmission is performed.  
	
	Cell-specific

	multiple PRACH transmissions
	
	msg3-DeltaPreamble-r18
	new
	Power offset between msg3 and RACH preamble transmission when multiple PRACH transmission is performed.
	INTEGER (-1..6) 
	Cell-specific


Proposal 7: RAN1 advises the list PRACH coverage enhancements related RRC parameters. 
3. Conclusions
In this contribution, remaining issues on PRACH coverage enhancements are discussed and our proposals are provided. 
Proposal 1: 

For the first RACH attempt, the UE determines

· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches its maximum transmission power, i.e., PCMAX,f,c.
· If multiple PRACH transmissions are determined, the number of multiple PRACH transmissions is based on the configured SSB-RSRP threshold(s).

Proposal 2: The calculation of each PRACH’s power for multiple PRACH transmission is the same as  that of legacy single PRACH’s power. 

Proposal 3: A multiple PRACH specific power offset, i.e., delta_MultiplePRACH, can be used for PRACH’s power calculation.

Proposal 4: Study how to set Msg3 PUSCH transmission power, when multiple PRACH transmission is performed.
Proposal 5: At least for the case that rsrp-ThresholdMsg3 is not configured by network, Msg3 PUSCH repetition is triggered simultaneously, if multiple PRACH transmission is determined.
Proposal 6: If multiple PRACH transmission is determined, DFT-S-OFDM waveform for Msg3 PUSCH is triggered simultaneously. 
Proposal 7: RAN1 advises the list PRACH coverage enhancements related RRC parameters. 
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