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1. Introduction
Coverage is one of the key factors that an operator considers when commercializing cellular communication networks due to its direct impact on service quality as well as CAPEX and OPEX. In Rel-17, a study item of “Study on NR coverage enhancements” was approved and multiple of channels [1] (e.g. PRACH, Msg3, PUSCH, PUCCH, etc.) have been identified as coverage bottleneck channels. However, due to its limited scope, in Rel-17 work item of “NR coverage enhancement”, which only focus on standardization of PUSCH, PUCCH and Msg3 coverage enhancement. In the RAN #96 meeting, a new WID on “on Further NR coverage enhancements” was approved [2]. One objective is to specify mechanism(s) to support PRACH coverage enhancements 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.


In the RAN1 #112bis meeting [3], several issues of multiple PRACH transmission were discussed and the following agreements and conclusions were made:
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
Final LS R1-2304141 is approved.
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 further analyze the potential enhancements and provide our views on PRACH coverage enhancements. 
2. Discussion
2.1 Multiple PRACH transmissions with same beam
2.1.1 The pattern of multiple PRACH transmissions
In current spec, RO resources (time and frequency) for single PRACH transmission is determined based on PRACH resources table and the common configuration parameters for PRACH. For time domain resources, one RO or multiple ROs can be configured to UE within a PRACH slot, and for frequency domain resources 1, 2, 4 or 8 FDMed PRACH resources can be configured, and resource is consecutive in frequency domain when the configured resource in frequency domain is more than one. If multiple PRACH transmissions is enabled, to avoid ambiguous between gNB and UE, the PRACH repetition pattern within a RACH periodic needs to be determined. Both of time domain mapping first or frequency domain mapping first can be considered. However, multiple PRACH transmissions in frequency domain decrease the power spectrum density, the performance for PRACH receives will be limited. As a result, time mapping based for multiple PRACH transmissions is prefer. To further achieve more gain of coverage, the frequency selection gain can also be taken into consideration, as a result, time based mapping with different frequency resources can be considered for multiple PRACH transmission. 
Proposal 1: Time based mapping mechanism with frequency offset between ROs for multiple PRACH transmissions can be considered.
2.1.2 Relationship between RO and SSBs
In current spec, for RACH access procedure, the beam information is carried by RACH occasion implicitly. However, if PRACH repetition transmissions is enabled and when the number of the repetition is large than 1, with current spec, more than one SSB by the ROs for an attempt of multiple PRACH transmissions will be indicated, this will be caused confusion to gNB to determine the best beam  received from  UE. As a result, the relationship between SSB and ROs needs to be further studied. 
Proposal 2: The relationship between ROs and SSBs should be studied when multiple PRACH transmissions is enabled. 
2.1.3 RA-RNTI determined
In previous meetings, it was agreed that the starting point of RAR window is after the last symbol of the last valid RO in the ROs group corresponding to the multiple PRACH transmissions. Similarly, the RA-RNTI for Msg2 can be reused the same RO. 
Proposal 3: The RA-RNTI for Msg2 can be determined based on the last valid RO in the ROs group corresponding to the multiple PRACH transmissions.
2.1.4 Multiple PRACH transmissions for CFRA
[bookmark: _GoBack]It’s reasonable to support CFRA with multiple PRACH transmission due to the UE located at the cell edge or move to a poor coverage area, applying multiple PRACH transmissions for CFRA can improve capacity of coverage, in addition, for flexible and dynamic to indicate the number of multiple PRACH transmissions, the repetition number of multiple PRACH transmission for CFRA can be indicated by the corresponding trigger DCI.
Proposal 4: Multiple PRACH transmissions for CFRA should be supported. 
2.2 Multiple PRACH transmissions with different beams
According to the evaluation results in TR 38.830 [1], for rural 4GHz TDD NLOS O2I with ISD =1732m scenario, which is the worst coverage scenario in FR1 due to consideration of the penetration loss of O2I, the performance gap of PRACH B4 is based on MPL from the target value is -5.72dB.  As show in TR 38.830 [1], about 3.7 dB and 5.2 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 4 GHz in urban scenario and 2 dB gain when performing 2 PRACH transmissions with different transmission beams at 2 GHz in rural scenario. Compare with the gap of PRACH B4, 8 repetitions is enough for PRACH coverage enhancement in FR1. For FR2, the performance gap of PRACH B4 from the target value is about -20.3 dB, however, this is a huge gap only based on reception combination of multiple PRACH transmissions, achieve more beam forming gain is a potential way, thus, multiple PRACH transmission with more than one beams can be considered. 
Proposal 5: Multiple PRACH transmissions with different beams can be considered for coverage enhancement. 
In current specification, for initial access procedure, gNB broadcast the system information based on different SSBs, and the SSB index is indicated by the different DMRS sequences and explicit 3bits, then UE choose a RO and preamble to transmit PRACH and the corresponding SSB index is indicated by the PRACH resources implicitly. When multiple PRACH transmissions with different beams is enabled, naturally, the refined beam can also be used for Msg 3 and Msg 5 transmission to further improve the coverage capacity. With this way, the best beam from UE side need to be indicated by RAR. 
Proposal 6: The refined beam from UE side can be indicated by RAR when multiple PRACH transmissions with more than one beam is enabled. 
3. Conclusion
Based on the above analysis, the following proposals have been made:
Proposal 1: Time based mapping mechanism with frequency offset between ROs for multiple PRACH transmissions can be considered.
Proposal 2: The relationship between ROs and SSBs should be studied when multiple PRACH transmissions is enabled. 
Proposal 3: The RA-RNTI for Msg2 can be determined based on the last valid RO in the ROs group corresponding to the multiple PRACH transmissions.
Proposal 4: Multiple PRACH transmissions for CFRA should be supported. 
Proposal 5: Multiple PRACH transmissions with different beams can be considered for coverage enhancement. 
Proposal 6: The refined beam from UE side can be indicated by RAR when multiple PRACH transmissions with more than one beam is enabled. 
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