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Introduction
[bookmark: _Hlk53783455]The Rel-18 WI further NR coverage enhancements was agreed during RAN#94-e meeting [1], where one of the objectives is targeted to specify PRACH coverage enhancements, and the detailed objectives in the WID are listed below:
	· 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#110b-e meeting, following agreements have been reached for PRACH coverage enhancement.
	
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 present our views on detailed design to support multiple PRACH transmissions with same beams and discussions on multiple PRACH transmissions with different beams. 
Discussion
Currently 5G NR supports preamble transmission without repetition, and preamble transmission takes place in a set of PRACH slots that are configured in each PRACH configuration period. Furthermore, within each PRACH slot, there may be one or multiple frequency domain RACH occasions (ROs), each covering multiple consecutive resource blocks. The ROs are associated with SSBs that may be transmitted with different beams. The association of SSBs (beams) and ROs could be 1-to-1, 1-to-N, or N-to-1 depending on network configuration. And the association is performed periodically in each SSB to RO association period.
2.1 Multiple PRACH transmissions with same beams 
In Rel-18, to realize multiple PRACH transmission with same beams, some issues should be discussed, which may include:
Issue 1: How does UE determine the RO and preamble to be used for each transmission?
Issue 2: How to determine the PDCCH monitoring window and RNTI for RAR after the PRACH transmissions?
Issue 3: How does UE indicate multiple PRACH transmission to gNB? 
Issue 4: How does UE/gNB know the number of PRACH transmissions?
Issue 5: How does UE determine the power of each PRACH transmissions?

Proposal 1: The following issues should be solved to realize PRACH transmission with same beam:
· Issue 1: How does UE determine the RO and preamble to be used for each transmission?
· Issue 2: How to determine the PDCCH monitoring window and RNTI for RAR after the PRACH transmissions?
· Issue 3: How does UE indicate multiple PRACH transmission to gNB? 
· Issue 4: How does UE/gNB know the number of PRACH transmissions?
· Issue 5: How does UE determine the power of each PRACH transmissions?
And in the following we will discuss these issues one by one.
Issue 1: How does UE determine the RO and preamble to be used for each transmission?
The UE needs to determine the RO and preamble to be used for each transmission. The starting RO is determined from a set of available starting RO positions, which could be determined implicitly from e.g., the configured PRACH transmission number or through an explicit signaling. Besides, it is expected that the available starting RO positions are aligned between the gNB and the UEs for a specific PRACH transmission number, such that the gNB could know from where to start reception for a PRACH transmission. 
It has been agreed in last RAN1 meeting that for multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions. We don't think the repetition shall be performed in the FDMed ROs in same time instance, otherwise there will be little or even no performance improvement on PRACH detection due to transmit power division in the FDMed ROs. 
[bookmark: _Hlk118470539]Proposal 2: The PRACH repetition should not be performed in FDMed ROs.
When FDMed ROs are configured, the UE needs to determine one RO out of the FDMed ROs for PRACH repetition, and the RO is associated with the target (best) beam. Due to the flexibility of RO configuration and association between ROs and SSBs, there might be one or multiple FDMed ROs associated with the same target SSB. And these ROs might be in same/different position in frequency domain in different PRACH slots.    
Figure 1 shows an example, where the configured SSBs for PRACH transmission is {0,1,2,3,4,5,6,7}. Assuming SSB-PerRACH-Occasion = 1/2, meaning that 2 consecutive ROs are mapped to a same SSB, Msg1-FDM = 4, meaning that there are 4 FDMed ROs in frequency domain. As a result, two FDMed ROs are mapped to a same SSB, as shown in the figure. For a UE that chooses SSB#0 as the target beam, the UE needs to determine one RO out of the two FDMed ROs mapped to SSB#0 for PRACH repetition. 
[image: ]
Figure 1 An example for PRACH transmission in the FDMed ROs
Figure 2 shows another example, where the configured SSBs for PRACH transmission is {0,1,2,3,4,5}. Assuming SSB-PerRACH-Occasion = 2, meaning that 2 SSBs are mapped to a same RO, Msg1-FDM = 4, meaning that there are 4 FDMed ROs in frequency domain. The resulted pattern for SSB to RO association is shown in the figure. The ROs associated with the same set of SSBs are in different frequency position in different time instance, also the number of target ROs out of the FDMed ROs is different. For a UE that chooses SSB#0 as the target beam, the UE needs to determine one RO out of the two FDMed ROs mapped to SSB#0 for PRACH repetition, as shown in the figure. 
[image: ]
Proposal 3: Study RO determination for PRACH transmission when FDMed ROs are configured and are associated with same SSB.
As for the preamble determination, it has been agreed that at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt. This allows gNB to perform combining on multiple detection statistics for better performance. It is not preferred to use different preambles in different PRACH repetitions of an PRACH attempt, since this means higher standards impact and complex PRACH preamble allocation considering for some of the UEs, a same preamble is allocated for each UE, while others need to be allocated with a different set of preambles for PRACH repetition. Besides, we don’t think there is clear performance gain when combining the different preambles in a PRACH attempt over that when combing the same preamble. Based on these, we don’t think different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
Proposal 4: Different preambles cannot be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
Issue 2: How to determine the PDCCH monitoring window and RNTI for RAR after the PRACH transmissions?
For initial access, after transmitting Msg1 in the determined ROs, the UE starts a RAR response window, within which the UE monitors downlink control information (DCI) for RAR. The DCI is identified by a RA-RNTI, which is determined by the time/frequency position of the RO that preamble is transmitted in. That is, for different ROs, the corresponding RA-RNTI is different. When multiple PRACH transmissions are performed, the timing of the UE starts the RAR response window and the RNTI for RAR should be determined.
For this issue, it has been agreed to 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.
For option 1, if one RAR window is determined per each PRACH transmission, there is an issue that the determined multiple RAR windows would be overlapped in time domain if the length of PDCCH monitoring window is not configured carefully. For example in Figure 2, assuming there are 4 PRACH repetitions, then 4 RAR windows would be determined according to option 1, and they are overlapped in the time domain. This might increase blind detection complexity considering that there should be max 4 RA-RNTIs being monitored in the overlapped region. In order to decrease the monitoring complexity, how to determine the RA-RNTI in the overlapped region should be further decided. 


Figure 2 One RAR window per each PRACH transmission
Considering the monitoring complexity and the specification effect, at least option 2 is preferred. For this opition, the UE could start the RAR response window after a time gap relative to the first transmission, so that the UE could early terminate the PRACH transmission if RAR is received before the transmission finished. Alternatively, the UE could also start the RAR response window after a time gap relative to the last transmission simply.
As for RNTI determination, considering the limited monitoring capability, one RO should be chosen, for example, the first RO could be used for RNTI determination.
Proposal 5: For multiple PRACH transmissions with same beam, for RAR monitoring, option 2 should be supported.
· The start position of the RAR window is referenced to the first PRACH transmission or last PRACH transmission.
· The RA-RNTI is determined based on the first RO.
For BFR, for PRACH transmission in slot  and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index  provided by higher layers, the UE monitors PDCCH in a search space set for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot , where  is the SCS configuration for the PRACH transmission and  is a number of slots provided by K-Mac or  if K-Mac is not provided, within a window configured by BeamFailureRecoveryConfig. When there are multiple ROs used for PRACH transmissions, the timing of the UE starts the monitoring PDCCH for BFR should also be decided. Same method as RAR could be considered.
Issue 3: How does UE indicate multiple PRACH transmissions to gNB? 
To facilitate preamble reception, the gNB should know whether the PRACH is repeated and the transmission number. Considering that in initial access process, there is no UL signalling could be used by UE to indicate the transmission number, the UE can indicate PRACH repetition via separate PRACH occasion or separate PRACH preambles, which could be configured to the UE via system information. This is similar with the mechanism utilized for the indication of Msg3 transmission in Rel.17. 
Proposal 6: UE can indicate multiple RRACH transmissions via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
Issue 4: How does UE/gNB know the number of PRACH transmissions?
Before PRACH transmission, UE should determine the number of transmissions.  One method is to add the number of transmissions in each line of the PRACH configuration table, then gNB could indicate the number of transmissions by reusing the 8bits PRACH configuration index indication in SIB1. Alternatively, no updates are needed for the PRACH configuration table. The gNB configures a set of  PRACH repetition numbers and the UE determines the number of repetitions based on, e.g, an RSRP threshold. A specific number of transmissions is used for PRACH transmission if the measured RSRP is below a configured RSRP threshold.   
Proposal 7: The number of transmissions could be explicitly or implicitly determined by the UE through higher layer signalling.
2.2 Multiple PRACH transmissions with different beams 
It is not clear how well the network can rely on the beam correspondence implementations during initial access. Besides, the UE capability is transparent in random access procedure in initial access, and beam correspondence may not be guaranteed due to lack of reciprocity. Moreover, transmission with different beams increases robustness even for UE with beam correspondence. The gain of multiple PRACH transmission with different beams is provided in TR 38.830. So, supporting different beams could also be beneficial.
 
Proposal 8: PRACH transmission with different beam for 4 step RACH should be supported in Rel-18.
Conclusion
In summary, we propose the followings for Rel-18 NR PRACH coverage enhancements:
Proposal 1: The following issues should be solved to realize PRACH transmission with same beam:
· Issue 1: How does UE determine the RO and preamble to be used for each transmission?
· Issue 2: How to determine the PDCCH monitoring window and RNTI for RAR after the PRACH transmissions?
· Issue 3: How does UE indicate PRACH transmission to gNB? 
· Issue 4: How does UE/gNB know the number of PRACH transmissions?
Proposal 2: The PRACH repetition should not be performed in FDMed ROs.
Proposal 3: Study RO determination for PRACH transmission when FDMed ROs are configured and are associated with same SSB.
Proposal 4: Different preambles cannot be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
Proposal 5: For multiple PRACH transmissions with same beam, for RAR monitoring, option 2 should be supported.
· The start position of the RAR window is referenced to the first PRACH transmission or last PRACH transmission.
· The RA-RNTI is determined based on the first RO.
Proposal 6: UE can indicate RRACH transmission via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
Proposal 7: The number of transmissions could be explicitly or implicitly determined by the UE through higher layer signalling.
Proposal 8: PRACH transmission with different beam for 4 step RACH should be supported in Rel-18.
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