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1	Introduction
In the Work Item Description for Further NR coverage enhancements (reference [1]), the following is stated:
	The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· 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.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



As can be seen in the WID, RAN1 and RAN4 leads the work for most identified objectives in the WI, with RAN2 involved mainly in the PRACH coverage enhancements. The green text highlights objectives that are most urgent for RAN2.
[bookmark: _Toc131704799]The most urgent discussions for RAN2 will be on Multiple PRACH Transmissions.
It is our understanding that the text in yellow highlights areas that might impact RAN2 when they have been further discussed in RAN1 and RAN4.
[bookmark: _Toc131704800]RAN2 might be impacted by power domain enhancements, and dynamic switching between DFT-S-OFDM/CP-OFDM.
This contribution discusses the baseline proposal for how Multiple PRACH Transmissions with same beam for 4-step RACH procedure could be used and configured. 
[bookmark: _Ref178064866]2	Discussion
To start of the discussion, we would first like to address how the UE decides to perform msg1 repetitions (from now on called Multiple PRACH Transmissions or MuPT).
2.1	Contention Based Random Access
The UE wants to perform random access to go to RRC_CONNECTED mode and by that it searches for the SSBs available. Among these SSBs the UE selects an SSB with the signal strength above rsrp-ThresholdSSB. So far, the functionality is still working according to Rel-17 specifications. According to an agreement by RAN1 at RAN1#111, see ref [1], RSRP thresholds could be one of the inputs to determine the number of PRACH transmissions.
	Agreement
· 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.


[bookmark: _Hlk120352241]This agreement states that apart from other potential input, RSRP is used to determine the number of PRACH transmissions. Apart from the signal strength (in the form of RSRP) there might be other options and this discussion is ongoing in RAN1.

[bookmark: _Toc131704801]RAN1 are still discussion other options in addition to RSRP.
[bookmark: _Toc131704793]RAN2 awaits information from RAN1 discussions on the determination mechanism for Multiple PRACH transmission.
The number of transmissions that can be chosen from are defined in another agreement by RAN1 at RAN1#112.
	Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.


[bookmark: _Toc131704794]The RAN2 specifications support the configuration of any combination of 2, 4 and 8 PRACH transmissions.
Two working assumptions have been stated by RAN1, for full details see ref [2]:
	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.
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.



[bookmark: _Toc131704802]Multiple PRACH transmissions could be supported on:
- separate ROs (only containing Multiple PRACH transmissions)
- shared ROs (containing both single PRACH transmissions and multiple PRACH transmissions)
- both 
[bookmark: _Toc131704795]Discuss how Multiple PRACH Transmissions can be supported on separate ROs as well as shared ROs.
Based on the working assumptions, it seems necessary to provide configuration based on early indication from the UE. It also seems necessary to have complete flexibility in terms of allowing MuPT with multiple transmission factors (2, 4 or 8) on separate or same RACH preamble partitions. The release 17 functionalities in RACH Partitioning Framework includes such capabilities and would be beneficial to reuse. In fact, already in release 16, the same approach has been taken to reserve a set of preambles for UEs that do support a specific feature. 
[bookmark: _Toc131704803]The RACH Partitioning framework from Release 17 can provide both configuring of preambles across ROs as well as shielding the ROs from pre-Rel 18 UEs to use designated preambles for Multiple PRACH Transmissions.
[bookmark: _Toc131704796]Use the RACH Partitioning Framework from Release 17 to configure the preambles across the ROs for Multiple PRACH Transmissions.
The following agreement from RAN1#112 mentions that one or multiple values for the number of MuPT could be configured:
	Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details



The RACH Partitioning Framework uses parameter Feature and FeatureCombination to define a set of preambles reserved for a combination of features. Each FeatureCombination indicates one or more Features associated and a defined set of preambles for the FeatureCombination. All features except for the slicing option NSAG, are defined as binaries, meaning either the feature is supported, or it is not. For the MuPT feature, within the RACH Partitioning Framework, the feature could be signalled as:
A. MuPT 
B. MuPT, 2 repetitions
MuPT, 4 repetitions
MuPT, 8 repetitions
Option A above would enable the network to configure MuPT as a feature in combination with other features that uses the RACH Partitioning Framework, but the framework would not let the UE know how to signal the repetition factor towards the network, hence leaving the determination of this to the UE and the gNB. One solution could be that the UE applies some predetermined rules on the preamble partition so that the gNB knows which repetition factor the UE has chosen. If no rules exists, the gNB must blindly detect a lot of combinations, to figure out the specific preambles chosen by the UE, which would be unpreferable from the gNB side.
[bookmark: _Toc131704804]Unnecessary blind detection by the gNB of different RACH Occasions is not a preferred way forward.
[bookmark: _Toc131704805]If more than one repetition factor is indicated for a preamble partition, the UE selects its preamble from a predetermined subset of preambles within the partition for Multiple PRACH Transmissions, to indicate how many transmissions it is doing.
Option B would enable the UE to select a preamble from the correct repetition factor pool, thus letting the gNB combine the transmissions effortlessly. However, the impact on the configuration for option B could be larger than for option A, if each repetition factor would use individual preambles.
[bookmark: _Toc131682437][bookmark: _Toc131682438][bookmark: _Toc131704797]RAN2 to discuss how the number of Multiple PRACH Transmissions chosen by the UE could be understood by the gNB.
2.2	Contention Free Random Access
In the case of CFRA, the procedure could work slightly different with the advantage of having more information available for the UE. For e.g. beam failure recovery or handover, a CFRA preamble could be used to enhance the procedure. This is already established in previous releases but could be enhanced when the UE needs to perform MuPT.
The usage of Contention Free Random Access is already motivated in the case of latency critical use cases such as Beam Failure Recovery or Handover. Furthermore, the usage of multiple PRACH transmissions is probably very relevant for those particular cases, since Beam Failure is more prone to happen during poor radio conditions, as well as handovers at cell edges. Based on this, it seems motivated to investigate how CFRA can be specified for MuPT.
[bookmark: _Toc131704806]Contention Free Random Access will be beneficial for use cases where Multiple PRACH Transmissions are also applied.
[bookmark: _Toc131704798]RAN2 investigates and discusses how CFRA can be used for Multiple PRACH Transmissions.
By assigning a specific CFRA preamble to a specific set of MuPT [2, 4, 8] the gNB can know the number of MuPT chosen by the UE for each access. The gNB might allocate separate preambles for each set of supported MuPT to the UE, for which the UE can choose from, based on the normal selection criteria.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The most urgent discussions for RAN2 will be on Multiple PRACH Transmissions.
Observation 2	RAN2 might be impacted by power domain enhancements, and dynamic switching between DFT-S-OFDM/CP-OFDM.
Observation 3	RAN1 are still discussion other options in addition to RSRP.
Observation 4	Multiple PRACH transmissions could be supported on: - separate ROs (only containing Multiple PRACH transmissions) - shared ROs (containing both single PRACH transmissions and multiple PRACH transmissions) - both
Observation 5	The RACH Partitioning framework from Release 17 can provide both configuring of preambles across ROs as well as shielding the ROs from pre-Rel 18 UEs to use designated preambles for Multiple PRACH Transmissions.
Observation 6	Unnecessary blind detection by the gNB of different RACH Occasions is not a preferred way forward.
Observation 7	If more than one repetition factor is indicated for a preamble partition, the UE selects its preamble from a predetermined subset of preambles within the partition for Multiple PRACH Transmissions, to indicate how many transmissions it is doing.
Observation 8	Contention Free Random Access will be beneficial for use cases where Multiple PRACH Transmissions are also applied.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 awaits information from RAN1 discussions on the determination mechanism for Multiple PRACH transmission.
Proposal 2	The RAN2 specifications support the configuration of any combination of 2, 4 and 8 PRACH transmissions.
Proposal 3	Discuss how Multiple PRACH Transmissions can be supported on separate ROs as well as shared ROs.
Proposal 4	Use the RACH Partitioning Framework from Release 17 to configure the preambles across the ROs for Multiple PRACH Transmissions.
Proposal 5	RAN2 to discuss how the number of Multiple PRACH Transmissions chosen by the UE could be understood by the gNB.
Proposal 6	RAN2 investigates and discusses how CFRA can be used for Multiple PRACH Transmissions.
[bookmark: _In-sequence_SDU_delivery]
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