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Introduction
A new Rel-18 WI on further coverage enhancement [1] was approved in RAN#94e. one of the objectivce of this WI is to improve PRACH coverage.
· 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 RAN1#110-bis-e meeting, the following agreements were made on PRACH coverage enhancements [2].
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.
In this contribution, we discuss the aspects of PRACH coverage enhancement and give our proposals.
Discussion on PRACH repetition
According to study outcome from Rel-17 coverage enhancement SI in [3], it was identified the PRACH format B4 is the UL coverage bottleneck channel for both FR1 and FR2. One of techniques to improve the PRACH coverage is multiple PRACH transmissions with the same beam.
For the short PRACH format, each PRACH channel will occupy several OFDM symbols, i.e., 2, 4, 6, 12 symbols. However, for long PRACH format, i.e., format 0/1/2/3, the duration is 1ms/3ms/3.5ms/1ms respectively. Thus, the time domain RO numbers in a PRACH configuration period are different for each PRACH format. If multiple PRACH transmissions are associated with the same beam, the PRACH transmission delays are different. According to current specification, a number of PRACH configuration indexes are associated with a PRACH format for FDD and TDD. The time domain RO numbers are quite different for different PRACH configuration index. To support PRACH repetition and reduce the transmission delay, the network should configure the PRACH configuration index with more time domain ROs. There is no need to introduce new PRACH configuration with more time domain ROs for repetition.
Proposal 1: No new PRACH configurations are to be introduced for each PRACH format.
With the introduction of PRACH repetition, the starting subframe or slot for the first PRACH transmission should be specified to make the gNB and UE having the same understanding on the repetitions of PRACH. LTE eMTC PRACH repetition was specified in Rel-13, similar design could be applied to NR PRACH repetition. In this way, PRACH starting subframe periodicity is specified, and it’s larger than or equal to the number of PRACH repetitions. The periodicity can be one or multiple PRACH configuration periodicity, i.e., 10ms, 20ms, etc. This is depending on configured PRACH formats. And the starting subframe offset could be applied. The example of PRACH repetition is showing below figure. The starting subframe periodicity is 20ms, and the subframe offset is 10ms. The prach-ConfigIndex is 25 in Table 6.3.3.2-2 of TS38.211. The time domain ROs are in subframe #0,2,4,6,8 of every radio frame for PRACH format 0. The first RO is in the subframe#0 of SFN=1. The total 10 ROs in starting subframe periodicity may not be fully used, which is relying on the configured PRACH repetition numbers and SSB numbers. 
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Figure1: PRACH repetition configuration
Considering NR specific SSB to RO association was defined, the SSB is associated with RO at least one time in an association pattern period, i.e., 160ms. Therefore, the starting RO periodicity can be configured with multiple association pattern periods, and the granularity of starting RO offset is based on the association pattern period as well.
Proposal 2: eMTC defined PRACH repetition mechanism can be the starting point for NR multiple PRACH transmissions with same beam, e.g., considering the periodicity of starting RO and the subframe offset of starting RO.  
If the PRACH repetition is supported, then PRACH frequency hopping can be supported as well to get the frequency domain diversity gain, and the required PRACH repetition number can be reduced in some extend. The PRACH frequency can be cell specific enabled/disabled. The frequency hopping interval can be subframe level or radio frame level, which can be configured according to the PRACH format. The frequency offset can be configured in the initial BWP as well.
Proposal 3: RAN1 to consider supporting PRACH frequency hopping.
Considering co-existence with the legacy UE in the network, to avoid the impacts on legacy UE to access to the network, dedicated preambles in the shared RO or separated ROs can be allocated for PRACH repetition. In addition, the PRACH repetition is to improve the PRACH detection performance for UE with the coverage issue, thus the SSB RSRP threshold should be configured. If the measurement SSB RSRP is lower than threshold, UE could select the preamble reserved for PRACH repetition to improve the PRACH performance.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: Dedicated preambles are allocated for PRACH repetition, SSB RSRP threshold is configured for PRACH repetition selection.
Regarding the RAR monitoring window, two options were discussed in last RAN1 meeting. The benefit of Option 1 is the PRACH transmission could be early terminated if PDCCH is correctly detected with the specific RA-RNTIs. The drawback is UE would monitor each RAR window associated with the transmitted PRACH, UE would monitor several RAR windows at the same time instance. For Option 2, UE only start to monitor RAR after the last PRACH transmission. From UE implementation perspective, Option 2 is simpler. As for the latency concern, gNB can configure the PRACH configuration with more time domain ROs to reduce the latency.
In addition, if only one RAR window is monitored by the UE and the ra-ResponseWindow is not extended from 10ms, the ra-ResponseWindow should start at the first PDCCH occasion from the end of the last random access preamble transmission in the multiple PRACH transmissions. The RA-RNTI is determined according to the last preamble transmission of the multiple PRACH transmission.
Proposal 5: UE only monitors one RAR window for all of the multiple PRACH transmission in one RACH attempt.
Proposal 6: RA-RNTI is determined according to last preamble transmission of the multiple PRACH transmissions.
For the PRACH repetition number, as indicated in [3], 4 PRACH repetitions could provide 3.7-5.2 dB coverage gain. In addition, considering the PRACH enhancement could apply to NTN as well, it was observed the coverage gap could be 1.2 to 11.9dB for PRACH format B4 for LEO-1200 from NTN study. Thus, the maximum 8 PRACH repetitions is suitable number and could fulfil the NTN coverage enhancement requirement. The PRACH repetition number can be indicated by SIB1, the value range is {1, 2, 4, 8}.
	Observation [4]
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.


Proposal 7: SIB1 indicates a PRACH repetition number from the candidate value of {1, 2, 4, 8}.
Comparing with LTE eMTC PRACH maximum 128 repetition number, NR PRACH could only support limited repetition number. It’s not necessary to define multiple PRACH coverage enhancement levels as PRACH repetition in eMTC. More PRACH coverage levels require more SSB RSRP measurement thresholds, and more preamble groups associated with each coverage level. This type of design is not aligned with msg3 PUSCH repetitions, i.e., no multiple coverage levels are defined for Msg3 PUSCH repetition.
Proposal 8: Multiple PRACH coverage enhancement level is not considered.
Summary
In this contribution, we discuss the aspects on PRACH coverage enhancement and have the following proposals:
Proposal 1: No new PRACH configurations are to be introduced for each PRACH format.
Proposal 2: eMTC defined PRACH repetition mechanism can be the starting point for NR multiple PRACH transmissions with same beam, e.g., considering the periodicity of starting RO and the subframe offset of starting RO.  
Proposal 3: RAN1 to consider supporting PRACH frequency hopping.
Proposal 4: Dedicated preambles are allocated for PRACH repetition, SSB RSRP threshold is configured for PRACH repetition selection.
Proposal 5: UE only monitors one RAR window for all of the multiple PRACH transmission in one RACH attempt.
Proposal 6: RA-RNTI is determined according to last preamble transmission of the multiple PRACH transmissions.
Proposal 7: SIB1 indicates a PRACH repetition number from the candidate value of {1, 2, 4, 8}.
Proposal 8: Multiple PRACH coverage enhancement level is not considered.
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