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Introduction
In approved WID of Further NR coverage enhancements [1], the following objectives were addressed for specifying further uplink coverage enhancements for PRACH:
· 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

And in last RAN1 meeting the following agreements are made:
	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.



To support multiple PRACH transmission, UE needs to be indicated which PRACH resource may be adopted for an initiated RA procedure with multiple PRACH transmission enabled. 
Discussion
PRACH resource configured for Multiple PRACH transmissions
In NR, a PRACH resource configuration can be provided by gNB either via system information block or dedicated RRC signalling, the UE may determine RACH occasion(s) (RO) according to PRACH parameters indicating by the PRACH resource configuration. Wherein the determination of the RO(s) includes determining the radio resource in both time domain and frequency domain for a preamble transmission of an initiated RA procedure. For short, the RO is generally be formed as a sub-set of radio resource in both time domain and frequency as illustrated in the figure 1. In this contribution we denote a RO as a rectangular box. And each RO represented as a serial of rectangular boxes spreading along with each frame. 

After a UE initiate a RA procedure, an RO may be selected by the UE for the initiated RA procedure and the selection is  according to measurement on each of SSBs. As defined in TS 38.321, UE may select a RO associated with a SSB with receiving power not lower than a pre-defined (pre-configured) threshold in general cases. To let ROs associated with each SSBs in both time and frequency domain are uniformly distributed, those consecutive ROs in both time and frequency domain are associated to each SSB in turns following some pre-defined rules.

According to the TS 38.211, each RO may be mapped to each of transmitting SSB. In principle, SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to valid ROs in the following order where the parameters are described in TS 38.211.
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots
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Figure V-2 Illustration of PRACH resource allocation
Based on the pre-defined mapping rule and RRC configuration received from gNB side, ROs within each frame are bundled into PRACH configuration period and Association period which expressed the timing location. 
Observation 1: In current PRACH configuration, ROs are mapped to each transmitting SSBs in turns and these ROs associate with PRACH configuration periods and association periods.

Determination of the number of times
Based on both of progress and working assumption in last RAN1 meeting, the Rel-18 may be able to apply multiple ROs for the multiple PRACH transmission. 
	Working assumption
Support at least {2 ,4, 8} for the number of multiple PRACH transmissions with same beam.


However, few following questions are identified which needed to be further discussed in case gNB indicates corresponding cell which is capable of ROs for multiple PRACH transmissions to UE. For example, who/how to determine the actual number of times for the multiple PRACH transmission, and which ROs can be applied. Although majority of companies support UE to determine the number of times of the multiple PRACH transmissions based on criteria similar introduced for legacy SSB selection defined in TS 38.321 RA initialization part. That is, UE executes measurement of SSBs/CSI-RSs and incorporate with comparison with pre-configured RSRP threshold to determine the number of times for the multiple PRACH transmission. However, in some scenarios it may be much simpler if UE be indicated a parameter via dedicated signalling for indicating a number of times for the multiple PRACH transmission, such as CFRA.
There are several alternatives on the table to discuss the designing on which ROs to be applied by the UE for the RA procedure. These approaches may be simply categorized as TDM approach and FDM approach. The TDM approaches may be interpreted as ROs located at different time instances can be utilized for each PRACH transmission as the agreement addressed in the chapter 1. Meanwhile, the FDM approach needs further clarification on whether UE may be able to transmit multiple PRACHs at a single time instance. For example, UE transmits different preambles in a RO, or transmits preambles on different ROs with same time location. Furthermore, to achieve frequency diversity, the FDM approach also = applies ROs with different frequency locations in different time instance be used for the multiple PRACH transmission.
Observation 2: There may be different number of times of the multiple PRACH transmissions configured by the gNB and which of to be applied may be determined by UE according to channel condition.
Proposal 1: For CFRA scenario, gNB will indicate a number of times for the multiple PRACH transmissions to UE and the indication can be provided via a dedicated signalling. 

Initial Transmission of multiple PRACH transmissions
Once the UE determines to trigger the multiple PRACH transmissions for the initiated RA procedure, the UE needs to determine which ROs to be applied for the multiple PRACH transmissions. Furthermore, among the determined ROs, the UE needs to determine which RO to be applied for initial PRACH transmission (i.e., first PRACH transmission among the multiple PRACH transmissions). Based on the TDM approach (a.k.a. the determined ROs are spread in time domain), UE repeats the preamble transmission on the ROs along with time domain. Hence, the determination of RO for initial transmission means determining a timing for initial transmission of the multiple transmission. In other words, the timing is the time location of a RO to be applied for the initial transmission of the multiple PRACH transmission. To implement the multiple PRACH transmission, we assume the ROs configured by the gNB should be bundled into several groups. The RO bundling may either be indicated by the gNB via system information or dedicated signalling. For example, the UE may be indicated several numbers of times the UE may be applied for the multiple PRACH transmissions. And each number of times may be associated with set of bundled ROs. It is noted that, one or more indicators should be applied by the gNB to indicate UE the RO to be applied for initial PRACH transmission. The indicators may either parameters carried by RRC, or lower layers. In another approach, in case of ROs are bundled in a basis of a number of system frames, UE determines which RO to be applied for initial PRACH transmission according to SFN index. Furthermore,  Ros within pre-indicated PRACH configuration period(s) or association period(s) may also possible approaches for determination. Some addition rules may be pre-defined for UE such as only ROs among with association period with same FDMed and associated with same SSB index are implicitly be bundled.
[bookmark: _Hlk861261]Proposal 2: To discuss the supporting of UE be indicated by gNB which RO(s) could be applied for initial transmission among multiple PRACH transmissions for an initiated RA procedure.
Conclusions
In this contribution, we discussed supporting of multiple PRACH transmission and have the following observations and proposals:
Observation 1: In current PRACH configuration, ROs are mapped to each transmitting SSBs in turns and these ROs associate with PRACH configuration periods and association periods.
Observation 2: There may be different number of times of the multiple PRACH transmissions configured by the gNB and which of to be applied may be determined by UE according to channel condition.
Proposal 1: For CFRA scenario, gNB will indicate a number of times for the multiple PRACH transmissions to UE and the indication can be provided via a dedicated signalling.
Proposal 2: To discuss the supporting of UE be indicated by gNB which RO(s) could be applied for initial transmission among multiple PRACH transmissions for an initiated RA procedure.
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