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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#112bis meeting, following agreements and conclusions have been reached for PRACH coverage enhancement.
	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
[Draft] LS R1-2304070 is endorsed in principle by appending RAN1 agreement “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”, as well as fixing the formulation of the LS.

Agreement
Final LS R1-2304141 is endorsed.

Agreement
[bookmark: _Hlk134101053]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 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 have been discussed, which include:
Issue 1: Resource configuration for multiple PRACH transmissions
· Issue 1-1: Differentiation between single PRACH transmission and multiple PRACH transmissions
· Issue 1-2: RO group determination
· Issue 1-3: SSB-to-RO mapping 
Issue 2: RAR window and RA-RNTI calculation
Issue 3: Determine the number of multiple PRACH transmissions
Issue 4: Retransmission of multiple PRACH transmissions
Among these issues, two WAs have been confirmed for issue 1-1 and an LS has been send to RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2.
In the following we will discuss the remaining issues one by one.
Issue 1-2: RO group determination
It has been agreed that for multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions. The RO group may or may not be specified at last, but it could be used for discussing multiple PRACH transmissions with same Tx beam for now. 
It has been agreed in RAN1#112 to support {2, 4, 8} as the number of multiple PRACH transmissions with same Tx beams. Therefore, from UE point of view, the UE may receive configurations from gNB on a set of supported PRACH repetition numbers. The UE will select one PRACH repetition number from the set and transmit multiple PRACH repetitions in ROs of a corresponding RO group. 
In the last RAN1 meeting, there was intense discussion on the proposal of RO group determination within a time period X. Although majority companies support the proposal, it was unfortunately not agreed at last. We’d like to show our support for this proposal since it not only makes the design easier but is also beneficial for UE implementation. The value X is preferably to be k SSB to RO association pattern periods, but to move forward, it could be FFS at this stage.
Proposal 1: RO groups are determined with a time period X. The pattern of RO groups repeats in every time period X. FFS the value X.
From system point of view, we think ROs in a RO group might be shared between different number of PRACH repetitions. Otherwise, there might be resource wastage on RO allocation for PRACH repetition. One RO might be contained in one RO group for a specific PRACH repetition number, and it might also be contained in another RO group for a different number of PRACH repetitions. The differentiation of PRACH repetitions in the shared ROs could be achieved by using different preambles. Accordingly, preamble partitioning is needed for the ROs when they are shared for different number of PRACH repetitions.
Proposal 2: Support RO sharing between different RO groups for different number of multiple PRACH transmissions. Preamble portioning is used to differentiate the different RO groups for PRACH repetitions.
It has been concluded in RAN1#112bis that there is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18. And it is clarified that 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. Therefore, when FDMed ROs are configured, and if two or more FDMed ROs of a same time instance are associated with a same SSB, these ROs should belong to different RO groups. To determine which RO group a RO belongs to in such scenario, one simple solution is to have each RO group containing ROs that have same relative position in frequency domain and are associated with a same SSB. 
Figure 1 shows an example, where the configured SSBs for PRACH transmission is {0,1,2,3}. 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. Based on legacy SSB to RO association, two FDMed ROs are mapped to a same SSB, as shown in the figure. For PRACH transmission with 2 repetitions, a first RO group for SSB#0 contains two ROs that are associated with SSB#0 and they have same relative position #0 in frequency domain, and a second RO group for SSB#0 contains two ROs that have same relative position #1 in frequency domain, as shown in the figure. 

[image: ]
Figure 1 RO group in FDMed ROs
Proposal 3: When FDMed ROs are configured, and if two or more FDMed ROs of a same time instance are associated with a same SSB, a RO group contains TDMed ROs that have same relative position in frequency domain. 
With PRACH repetition, the PRACH transmission latency might be significant. One factor contributing the long latency is the long waiting time to start the PRACH transmission. When an event triggers a PRACH repetition, the UE needs to wait until the next available RO group to start the PRACH transmission. The waiting time might be long, especially in the TDD system with limited number of UL slots in each DL/UL configuration pattern. 
Observation 1: One factor contributing long transmission latency for PRACH repetition is the long waiting time to start the PRACH transmission.
To reduce PRACH repetition latency, one solution is to introduce denser starting ROs for PRACH repetition. The periodicity of the starting ROs of the RO groups in terms of number of ROs is smaller than the number of ROs in the RO groups. This reduces the waiting time for starting the PRACH repetition and therefore reduce the PRACH transmission latency. 
Figure 2 shows an example, where SSB-perRach-Occasion = 1/2, and the PRACH repetition number is 4. The UE selects SSB#0 and transmits PRACH repetition in an RO group that is associated with SSB#0. A denser starting RO for the RO groups is configured with the periodicity being indicated as 2 in figure 2(b), compared with starting RO periodicity of RO groups being 4 in figure 2(a). When an event triggers a PRACH procedure, the UE selects the nearest RO group #1 to transmit the PRACH repetition. The waiting time t is reduced in figure 2(b) with such denser starting ROs, compared with the waiting time in Figure 2(a).


(a)


(b)
Figure 2 Denser starting ROs for PRACH repetition
Proposal 4: To reduce PRACH transmission latency, study to use dense starting ROs of RO groups for PRACH repetition, where the periodicity of the starting ROs of the RO groups in terms of number of ROs is smaller than the number of ROs in the RO groups. 

Issue 1-3: SSB-to-RO mapping 
As specified, the signalling ssb-PositionsInBurst is used to configure a set of SSBs that are transmitted by the system. Different SSBs are transmitted using different beams and the channel state of the UEs in the coverage of each beam might be different. Accordingly, PRACH repetition might be needed only for the UEs in the coverage of a subset of beams. 
Therefore, the BS could configure a subset of SSBs out of the configured set of system available SSBs for PRACH repetition. These SSBs are corresponding to the beams with bad channel status. The gNB can configured ROs that are associated with this subset of SSBs. This is beneficial in terms of RACH resource overhead reduction. 
To reduce standard impact, a single set of PRACH repetition numbers is configured and is applicable to the PRACH repetitions for all the indicated subset of SSBs. Configuring different set of PRACH repetition numbers for different SSBs is not considered for simplicity.
Proposal 5: A subset of SSBs of the configured set of available SSBs (by ssb-PositionsInBurst) can be configured for PRACH repetition.  The ROs configured for PRACH repetition are associated with this subset of SSBs.
Proposal 6: A single set of PRACH repetition numbers is configured and is applicable to the PRACH repetitions for all the indicated subset of SSBs. 
PRACH transmission latency can be reduced by revising the SSB to RO association such that PRACH repetition could be transmitted in time consecutive ROs as much as possible. It is noted that under certain configurations, e.g., when FDMed ROs are not configured, i.e., msg1-FDM = 1, and SSB-perRach-Occasion is configured to be less than 1, multiple time consecutive ROs are associated with a same SSB according to the legacy SSB to RO association scheme (see also figure 2). With such configurations, time consecutive ROs are associated with a same SSB and they can be used for PRACH repetition to reduce the transmission latency. However, for some other scenarios, e.g., when msg1-FDM is configured to be 1 and SSB-perRach-Occasion is configured to be larger than 1, the PRACH repetition cannot be transmitted in time consecutive ROs since they cannot be associated with a same SSB. For such scenarios, SSB to RO group association could be considered. An RO group contains time consecutive ROs and it is taken as the unit for performing SSB association. Then one SSB can be associated with a set of time consecutive ROs. 
Figure 3 shows an example, where msg1-FDM = 1 and SSB-perRach-Occasion = 2. Figure 3(a) illustrates legacy SSB to RO association and RO group formulation based on the association. One can observe that each RO group contains time non-consecutive ROs in this case. Figure 3(b) illustrates SSB to RO group association, in which case one RO group contains time consecutive ROs mapped to a same SSB. The PRACH transmission latency based on SSB to RO group association is reduced compared with using legacy SSB to RO association. 



(a)


(b)
Figure 3 SSB to RO group association
Proposal 7: To reduce PRACH transmission latency, study to introduce SSB to RO group association so that PRACH repetition can be transmitted in time consecutive ROs.
Issue 2: RAR window and RA-RNTI calculation 
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.
It has been agreed only one RAR window is supported for RAR monitoring for one RACH attempt and 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. while the RA-RNTI determination is still FFS.
Considering the limited monitoring capability, we think one RO should be chosen to determine the RA-RNTI, for example, the first or last valid RO could be used for RNTI determination.
Proposal 8: The RA-RNTI is determined based on the first or last valid RO in the RO group corresponding to the multiple PRACH transmissions. 
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: Determine the number of multiple PRACH transmissions  
It has been agreed that for multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions. As for how to determine one from the configured multiple values, it has been agreed that at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt. So maybe the most straight forward method is to configure multiple SSB-RSRP thresholds range which is corresponding to multiple values for the number of multiple PRACH transmissions and a specific number of transmissions is used for PRACH transmission if the measured RSRP is in a configured RSRP threshold range.   
Proposal 9: gNB can configure one or multiple values for the number of multiple PRACH transmissions (Option 2).
· Multiple SSB-RSRP thresholds range could be configured, and which are corresponding to the multiple values for the number of multiple PRACH transmissions and a specific number of transmissions is used for PRACH transmission if the measured RSRP is in a configured RSRP threshold range.   
Issue 4: Retransmission of multiple PRACH transmissions
For PRACH retransmission, both increasing the number of repetition number and the power ramping could increase the reliability of the PRACH and increasing of the number of multiple PRACH for the PRACH attempt can be considered especially for maximum UE transmission power case. So, we think both could be supported. And then the question is the order for determination of ramping and repetition number increase. We think UE could use the same number for the second RACH attempt until its power targeted by PRACH parameter P0 exceeds the maximum transmission power.
Proposal 10: For retransmission of multiple PRACH transmissions, both increased number of PRACH re-transmission and the power ramping should be suppored.
· FFS: the order.
2.2 Multiple PRACH transmissions with different beams 
In RAN1#112 agreements, evaluations from companies showed that if using different finer beams in the PRACH repetitions, there will be noticeable performance gain on detecting PRACH over PRACH repetition using a single wider beam. It is then supported to study multiple PRACH transmission using different finer beams. As also concluded in RAN1#112, for multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS and this is applicable to both PRACH transmissions with same Tx beam and PRACH transmissions with different Tx beam, if supported. From UE point of view, the finer beams that are used for PRACH repetition might be based on implementation. While in gNB side, it might be beneficial to know whether the UEs are using same or different Tx beams. Based on this, the gNB might indicate the best Tx beam to the UE for Msg3 transmission. This helps to improve the Msg3 detection performance. 
Proposal 11: PRACH transmission with different finer beams 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: RO groups are determined with a time period X. The pattern of RO groups repeats in every time period X. FFS the value X.
Proposal 2: Support RO sharing between different RO groups for different number of multiple PRACH transmissions. Preamble portioning is used to differentiate the different RO groups for PRACH repetitions.
Proposal 3: When FDMed ROs are configured, and if two or more FDMed ROs of a same time instance are associated with a same SSB, a RO group contains TDMed ROs that have same relative position in frequency domain. 
Observation 1: One factor contributing long transmission latency for PRACH repetition is the long waiting time to start the PRACH transmission.
Proposal 4: To reduce PRACH transmission latency, study to use dense starting ROs of RO groups for PRACH repetition, where the periodicity of the starting ROs of the RO groups in terms of number of ROs is smaller than the number of ROs in the RO groups.
Proposal 5: A subset of SSBs of the configured set of available SSBs (by ssb-PositionsInBurst) can be configured for PRACH repetition.  The ROs configured for PRACH repetition are associated with this subset of SSBs.
Proposal 6: A single set of PRACH repetition numbers is configured and is applicable to the PRACH repetitions for all the indicated subset of SSBs. 
Proposal 7: To reduce PRACH transmission latency, study to introduce SSB to RO group association so that PRACH repetition can be transmitted in time consecutive ROs.
Proposal 8: The RA-RNTI is determined based on the first or last valid RO in the RO group corresponding to the multiple PRACH transmissions. 
Proposal 9: gNB can configure one or multiple values for the number of multiple PRACH transmissions (Option 2).
· Multiple SSB-RSRP thresholds range could be configured, and which are corresponding to the multiple values for the number of multiple PRACH transmissions and a specific number of transmissions is used for PRACH transmission if the measured RSRP is in a configured RSRP threshold range.   
Proposal 10: For retransmission of multiple PRACH transmissions, both increased number of PRACH re-transmission and the power ramping should be suppored.
· FFS: the order.
Proposal 11: PRACH transmission with different finer beams for 4 step RACH should be supported in Rel-18.
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