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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 #110bis-e, several issues for multiple PRACH transmissions were discussed and the following agreements were made:
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 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 resources configured for multiple PRACH transmissions
When multiple PRACH transmission with same beam is enabled, the relation of resources for multiple PRACH transmissions and single PRACH transmission need to study. Some directions for determining of multiple PRACH transmissions have been identified in RAN 1 #110bis [4], for instance:
· 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.
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 Option A, same ROs for single PRACH transmission can be reused to multiple PRACH transmission and no spec impact for time and frequency RO resources configuration. To distinguish single PRACH transmission and multiple PRACH transmission, one straightforward way is grouped the preamble indexes into multiple sets, each set of preambles can be present single PRACH transmission or multiple PRACH transmission, however, this way will cause large limitation due to the limited number of PRACH preambles. 
Option B needs to introduce new time and frequency RO configurations for multiple PRACH transmissions. UE and gNB to distinguish multiple PRACH transmission and single multiple transmissions are based on different set of ROs, which have no impact for preamble indexes configuration. To reduce the impact of spec, the resources of single PRACH and multiple PRACH transmissions can be configured jointly. One straightforward way can be added several columns into current PRACH resources table for indicating the parameters of time and frequency for ROs for multiple PRACH transmissions, and the same a prach-ConfigurationIndex can be used to indicate the time and frequency RO for both of single PRACH transmission and multiple PRACH transmissions. 
Proposal 1: Multiple PRACH are transmitted on separate ROs with shared preamble can be considered. 
2.1.2 Indication of multiple PRACH transmissions
PRACH is one of a coverage bottleneck channel evaluated in Rel-17 and due to TU limited. PRACH coverage enhancement standardization is not adopt in Rel-17 WI, while in Rel-18, it’s approved.  In current spec, for 4-step RACH, firstly, a UE transmits a RACH preamble without repetition over a RACH occasion (RO), the RO is configured by SIB1. After a RACH preamble is transmitted by UE, then a RACH response window is starting. If there is no RAR received by UE during the RAR window or initial transmission is failed, the UE can re-transmission with power boosting and continues the initial access procedure. However, with this way, large delay will be caused. To overcome the issue, one straightforward way is enabled multiple PRACH transmissions.  As a result, how to indicate the number of repetition of PRACH need to determine. In Rel-16, an additional column is added in TDRA table to indicate the number of repetitions of PUSCH, and the time resource allocation field in DCI (for DG or type 2 CG) or by RRC (for type 1 CG) is used to indicate one row of the TDRA table. Similar rule could be used for multiple PRACH transmission indication. As a result, we have the following proposal.
Proposal 2： The number of repetition of PRACH transmission can be indicated by random access configuration table.
In addition, when PRACH repetition transmission within multiple ROs is enabled, however, the UEs with PRACH repetition is also occupy a slot of RACH resources for legacy UEs which does not supported PRACH repetitions, as a result, the collision rate between legacy UEs or collision between legacy UEs and enhanced UEs (UE support PRACH repetitions.) for RACH transmission is increased, especially in TDD scenario. Thus, when to determine the number repetition of PRACH transmission, the factor of collision should be considered.
Proposal 3: Collision factor between UEs should be considered when to determine the maximum number repetition of PRACH transmission.
2.1.2 The pattern of multiple PRACH transmissions
In current spec, the time domain and frequency domain resources of a RO is indicated by system information. For time domain resources, one RO or multiple ROs can be configured to UE within a PRACH slot, and for frequency domain resources. For example, 1, 2, 4 or 8 FDMed PRACH resources can be configured. The reource is continuous in frequency domain when the configured resource in frequency domain is more than one. If multiple PRACH transmissions is enabled, to aviod ambiguous between gNB and UE, the PRACH repetition pattern within a RACH periodic needs to be determined, and 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 can be considered. To further achieve more gain of coverage, the frequency selection can be consideration, as a result, time based mapping with different frequency resources can be used for multiple PRACH transmission. 
Propsoal 4: Time based mapping mechanism with frequency offset between ROs for multiple PRACH transmissions can be considered.
2.1.3 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, the relationship between SSB and ROs needs to be further studied. 
Proposal 5: The relationship between ROs and SSBs should be studied when multiple PRACH transmisisons is enabled. 
2.1.4 The starting of RAR window and RA-RNTI determined
In the previous meetings [4], 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.
For Option 1, UE can receive RAR among all of the potential RAR windows location and there is no impact for current spec. To be specific, when gNB miss detection of any PRACH preamble over a ROs, the legacy mechanism can be reused. In this case, using multiple RA-RNTIs to decode corresponding RAR within multiple RAR windows is a straightforward way, however, much complexity will be leaded for UE to detect RAR.
For Option 2, One straightforward way is to allow UE to starting RAR after the last symbol of the last RO within multiple PRACH transmissions. However, this mechanism may lead large latency becauseUE needs to wait for the last RO to start monitoring RAR. To reduce the latency, allowing UE to monitor RAR after the last symbol of the first RO within multiple PRACH transmission can be considered. In addtion, with this case, a single RA-RNTI based on the first RO can be considered. 
Proposal 6: Only one RAR window for multiple PRACH transmissions can be considered.
· The start position of the RAR window can be after the last symbol of the first PRACH ROs.
· single RA-RNTI is determined based on the first RO.
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. Thus, refined multiple PRACH transmission with different beams for Tx beam can be considered to achieve more beamforming gain. 
Proposal 7: Multiple PRACH transmissions with different beams can be considered for coverage enhancement. 
3. Conclusion
Based on the above analysis, the following proposals have been made:
Proposal 1: Multiple PRACH are transmitted on separate ROs with shared preamble can be considered. 
Proposal 2： The number of repetition of PRACH transmission can be indicated by random access configuration table.
Proposal 3: Collision factor between UEs should be considered when to determine the maximum number repetition of PRACH transmission.
Propsoal 4: Time based mapping mechanism with frequency offset between ROs for multiple PRACH transmissions can be considered.
Proposal 5: The relationship between ROs and SSBs should be studied when multiple PRACH transmisisons is enabled. 
Proposal 6: Only one RAR window for multiple PRACH transmissions can be considered.
· The start position of the RAR window can be after the last symbol of the first PRACH ROs.
· single RA-RNTI determines based on the first RO.
Proposal 7: Multiple PRACH transmissions with different beams can be considered for coverage enhancement. 
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