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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#110b-e, Rel-18 Further NR coverage enhancements WI has started. The discussion of this agenda is mainly multiple PRACH transmission with same UL Tx beam or with different UL Tx beams, and followings were agreed in the last meeting [1]:
	[bookmark: _Hlk83924038]Agreement
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
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.
Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.


During the last meeting, followings have been also discussed and they will be discussed in this meeting [2]:
	1 Multiple PRACH transmissions with same beam
1.1 Resource configuration for multiple PRACH transmissions
Proposal 1-v3
For multiple PRACH transmissions with same beam, consider one or multiple of the following options.
· Option A: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option B: Multiple PRACH are transmitted on separate ROs with separate or shared preamble.
· Other options are not precluded.
· FFS: detailed schemes, including how gNB know which ROs are to be checked for multiple PRACH transmission for all the above Options.
1.2 Determine the number of multiple PRACH transmissions
Proposal 5-v2
Working assumption
Support at least {2 ,4, [8]} for the number of multiple PRACH transmissions with same beam.
· FFS other numbers.
Proposal 6-v2-A
For multiple PRACH transmissions with same beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions.
· FFS detailed scheme, e.g., the number of SSB-RSRP thresholds or whether other measured/computed metrics or conditions should be used together with SSB-RSRP thresholds.
· FFS: whether to link linkage to the SS-RSRP threshold for Msg3 repetition request.
· FFS: whether only applied to CBRA
· FFS: the impact from FBE.
Proposal 7-v2
For multiple PRACH transmissions with same beam in one RACH attempt, down-select one option from the following options.
· Option 1: Transmission power ramping is not applied during the multiple PRACH transmissions. 
· Option 2: Transmission power ramping can be applied per PRACH transmission during the multiple PRACH transmissions.
· FFS: The initial power and power ramping step.
· FFS: The same measurement of the same reference signal to calculate the pathloss is applied for each PRACH transmissions.
2 Multiple PRACH transmissions with different beams
2.1 Potential use cases
Proposal 8-v2
· Study at least the following case for multiple PRACH transmissions with different beams.
· Multiple PRACH transmissions on the ROs are associated with the same SSB/CSI-RS, UE use different Tx beams to transmit the multiple PRACHs. 
· UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS
· FFS: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs/CSI-RSs.
· Note: It is assumed that only one preamble is transmitted over one RO.
2.2 Performance gain
Proposal 9-v2
· Companies are encouraged to provide simulation results for multiple PRACH transmissions with different and same beam(s) in the next meeting.
· Simulation assumptions in TR 38.830 are used for the simulation. 
· Both UE capable of beamCorrespondenceWithoutUL-BeamSweeping and UE incapable of beamCorrespondenceWithoutUL-BeamSweeping can be considered in the simulation.



In this contribution, we share the view on multiple PRACH transmission for Rel-18 coverage enhancement.
Discussions
Resource configuration for multiple PRACH transmissions
Main motivation to use multiple PRACH transmission with same UL Tx beam is to obtain the joint decoding gain. To do that, a gNB needs to know whether the received preamble is a part of multiple PRACH transmission or legacy single PRACH transmission. In LTE BL/CE, similar issue was addressed by configuring separate PRACH resources for different CE levels. Therefore, at least, for multiple PRACH transmission with same UL Tx beam case, it is natural to use different PRACH preambles or different ROs (i.e. not same PRACH preamble on same RACH occasion) from legacy single PRACH transmission.
On the other hand, the motivation to use multiple PRACH transmission with different UL Tx beams is to find out the UL Tx beam(s) which can be received by a gNB from the multiple UL Tx beams. In such case, to identify the reachable UL Tx beam(s), a UE needs to monitor multiple RAR windows each corresponding to a PRACH transmission with the respective UL Tx beam. To do that, each of multiple PRACH transmission should have a respective RAR window. Eventually, the RAR procedure (one RAR to one PRACH preamble detection) at the gNB side is the same as the case of the legacy single PRACH transmission. Therefore, the differentiation of the PRACH preambles and/or ROs from the legacy system at a gNB side is not necessary.
Observation 1: 
· Motivation to use multiple PRACH transmission with same UL Tx beam is to obtain the joint decoding gain
· Motivation to use multiple PRACH transmission with different UL Tx beams is to find out the UL Tx beam(s) which can be received by a gNB from the multiple UL Tx beams
Proposal 1: 
· PRACH preambles and ROs for the multiple PRACH transmission with same UL Tx beam should be differentiated from those for the legacy single PRACH transmission
· PRACH preambles and ROs for the multiple PRACH transmission with different UL Tx beams can be shared with those for the legacy single PRACH transmission

Determine the number of multiple PRACH transmissions
As the triggering condition for the multiple PRACH transmissions with same UL Tx beam, use of the SSB-RSRP threshold is reasonable. Regarding the multiple SSB-RSRP thresholds to determine the number of PRACH transmission, one concern is the fragmentation of resource for PRACH preambles and ROs. It relates how the differentiation between the multiple PRACH transmission and the legacy single PRACH transmission is applied. Therefore, whether the necessity of such gradual adaptation for the number of PRACH transmission should be carefully considered with the RACH resource consideration.
Proposal 2: For multiple PRACH transmissions with same UL Tx beam, at least single SSB-RSRP threshold is used to apply the multiple PRACH transmissions
· FFS: multiple SSB-RSRPs are used to determine the number of PRACH transmissions
Regarding the linkage to the SS-RSRP threshold for Msg3 repetition request, if the multiple PRACH transmission and Msg3 repetition request are separately triggered, PRACH resources needs to be separately configured for all the cases of “single PRACH and Msg3 w/o repetition”, “single PRACH and Msg3 repetition request”, “multiple PRACH and Msg3 w/o repetition” and “multiple PRACH and Msg3 repetition request”. Such separation may cause the fragmentation of PRACH resources. 
In Rel-17 coverage enhancement study, in the scenario where PRACH format B4 had a coverage gap, Msg3 PUSCH was also identified as a bottleneck. Therefore, we assume Msg3 repetition can be always applied for the case of PRACH repetition case, and for the dedicated PRACH preamble for multiple PRACH transmissions with same UL Tx beam, Msg.3 repetition request should be automatically applied. 
Proposal 3: With a dedicated PRACH preamble for multiple PRACH transmissions with same UL Tx beam, Msg.3 repetition request is automatically applied
Regarding multiple PRACH transmission with different UL Tx beams case, the latency of connection establishment can be reduced compared with the legacy PRACH retransmission procedure. However, the fixed number of PRACH resources need to be occupied for a one RACH attempt even if the first one of the multiple PRACH transmissions can be received by a gNB. This causes more PRACH collision and more interference than the legacy PRACH retransmission procedure. Whether this trade-off needs to be controllable by the network side or not should be considered.
Proposal 4: RAN1 should study if any triggering condition is necessary for multiple PRACH transmissions with different UL Tx beams.


Conclusion
In this contribution, we have the following observation and proposals:
Observation 1:
· Motivation to use multiple PRACH transmission with same UL Tx beam is to obtain the joint decoding gain
· Motivation to use multiple PRACH transmission with different UL Tx beams is to find out the UL Tx beam(s) which can be received by a gNB from the multiple UL Tx beams
Proposal 1:
· PRACH preambles and ROs for the multiple PRACH transmission with same UL Tx beam should be differentiated from those for the legacy single PRACH transmission
· PRACH preambles and ROs for the multiple PRACH transmission with different UL Tx beams can be shared with those for the legacy single PRACH transmission
Proposal 2: For multiple PRACH transmissions with same UL Tx beam, at least single SSB-RSRP threshold is used to apply the multiple PRACH transmissions
· FFS: multiple SSB-RSRPs are used to determine the number of PRACH transmissions
Proposal 3: With a dedicated PRACH preamble for multiple PRACH transmissions with same UL Tx beam, Msg.3 repetition request is automatically applied
Proposal 4: RAN1 should study if any triggering condition is necessary for multiple PRACH transmissions with different UL Tx beams.
References
“RAN1 Chairman’s Notes,” RAN1 #110b-e, Oct 2022.
R1-2210660 “FL Summary#4 of PRACH coverage enhancements,” Moderator (China Telecom), RAN1 #110b-e, Oct 2022.
1

