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1. Introduction
In the RAN1 #112b-e meeting, the following agreements and conclusions were made for PRACH coverage enhancements of Rel-18 NR coverage enhancement WI as in [1]:
	Agreement
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
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 discuss on the PRACH coverage enhancements for Rel-18 NR coverage enhancement.

2. Discussion
It was concluded that RAN1 would discuss and specify the PRACH coverage enhancements in Rel-18 NR coverage enhancement. In general, the PRACH repeated transmission can be considered to enhance PRACH coverage. Here, in terms of the beam direction of the PRACH preamble, two different techniques may be considered: repeated transmission with the same beam and repeated transmission with different beams. Regarding repeated transmission with different beams, it may not be suitable for PRACH coverage enhancement, because it does not seem easy for gNB to combine multiple PRACH preambles with different beams. Also, additional specification works would be necessary, such as the best beam selection procedure. So, in order to enhance the PRACH coverage, we think that the PRACH repeated transmission with the same beam is more appropriate. Therefore, we prefer to prioritize the PRACH repeated transmissions with the same beam for 4-step RACH procedure in Rel-18 NR coverage enhancement.

Proposal 1. Prioritize the PRACH repeated transmissions with the same beam for 4-step RACH procedure in Rel-18 NR coverage enhancement.

Moreover, in order to determine the repetition number of PRACH transmission at UE side, both repetition number(s) and RSRP threshold(s) for PRACH repeated transmission can be considered to be provided via higher layer signaling (e.g., SIB). Regarding this issue, it was agreed that gNB can configure one or multiple values for the number of multiple PRACH transmission in the RAN1 #112 meeting, but the RSRP threshold values were not discussed. Therefore, we think it is necessary to support one or multiple RSRP threshold(s) can be also provided by gNB. For example, if a single repetition number is provided, a single RSRP threshold may be necessary, and if multiple repetition numbers are provided, multiple RSRP thresholds may be necessary. Moreover, regarding on RSRP threshold, we can discuss further whether to support a new RSRP threshold for PRACH repeated transmission or reuse the legacy RSRP threshold for Msg. 3 PUSCH repeated transmission.

Proposal 2. One or multiple RSRP threshold(s) can be provided via higher layer signaling (e.g., SIB).

In the RAN1 #112b-e meeting, it was agreed that the starting point of RAR window would be started after the last symbol of the last valid RO in the RO group. Simply, a similar approach to this agreement can be applied to RA-RNTI calculation for multiple PRACH transmissions. To be specific, the RA-RNTI value can be calculated based on the last valid RO in the RO group for multiple PRACH transmissions for one RACH attempt. Here, the last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.

Proposal 3. The RA-RNTI value is calculated based on the last valid RO in the RO group for multiple PRACH transmissions for one RACH attempt.
· The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.

On the other hand, the RA-RNTI collision issue was raised in the RAN1 #112b-e meeting, and we think it seems to be reasonable. To be specific, the RA-RNTI collision may occur in case when two different RACH configurations may allocate different ROs at the same time instance. For example, as shown in Figure 1, two RACH configurations (i.e., legacy RACH configuration and additional RACH configuration) are provided in SIB. According to additional RACH configuration, the RO group consisting of RO I, RO J, RO K, and RO L is used for multiple PRACH transmissions, and the last valid RO (i.e., RO L) will be used for RA-RNTI calculation. In this case, the RA-RNTI value calculated based on the RO L (i.e., f_id = 0) becomes the same as the RA-RNTI value calculated based on the RO D (i.e., f_id = 0) to be used for single PRACH transmission (i.e., legacy RACH configuration). As a result, two different UEs expect the same RA-RNTI, but since gNB can only transmit one RAR at a time instance, it can increase the latency of the entire RACH procedure on UE side.



Figure 1. Example of RA-RNTI collision between legacy and additional RACH configuration.

Therefore, in order to handling this issue, some alternatives can be considered. For the first alternative, it can be considered to support that gNB may configure the FDMed RO index offset in additional RACH configuration. To be specific, if gNB configures the FDMed RO index offset, then gNB and UE should add the FDMed RO index offset to f_id for RA-RNTI calculation. For the second alternative, gNB can indicate the RACH configuration index via reserved field of DCI format 1_0 with CRC scrambling with RA-RNTI. For example, if there are three RACH configurations in a cell (e.g., legacy and two additional RACH configurations), the indexes for legacy and two additional RACH configurations would be 0, 1, and 2, respectively, and 2 bits of reserved field would be required. For the last alternative, independent DL BWP and/or search space can be additionally considered for RAR reception in case when the one or more RO(s) allocated via additional RACH configuration are used for PRACH transmissions. Of these alternatives, we prefer the first alternative because the specification impact will be lower than another alternatives. 

Proposal 4. In Rel-18 NR coverage enhancement, gNB may configure the FDMed RO index offset in additional RACH configuration.
· If configured, the FDMed RO index offset shall be added to f_id for RA-RNTI calculation.

Meanwhile, in the RAN1 #112b-e meeting, the issue of RO dropping for multiple PRACH transmissions was discussed. During the meeting, the most companies have similar view that if one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped, the dropped PRACH transmission will not be postponed. So, we suggest the proposal 5 as follows.

Proposal 5. If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped, the dropped PRACH transmission will not be postponed.

On the other hand, in the RAN1 #112 meeting, the issue of RACH resource differentiation between multiple PRACH transmissions with different numbers of multiple PRACH transmissions was discussed, and related agreement was made. Similar to the aforementioned approaches, we can consider one or multiple of following options if multiple repetition numbers are configured by gNB.
For the first option, multiple PRACH resources between different repetition numbers can be transmitted with separate preamble on shared ROs. If gNB wants to configure this option, it is possible to indicate the PRACH repetition feature (e.g., msg1-Repetitions-r18) as true, which is provided in Feature Combination-r17 of existing rach-ConfigCommon (or AdditionalRACH-Config-r17) while gNB should provide a preamble index group for specific repetition number so that it does not overlap with other preamble index groups with other repetition numbers.
For the second option, multiple PRACH resources between different repetition numbers can be transmitted on separate ROs. If gNB wants to configure this option, it is possible to provide an RO dedicated to PRACH repetition through AdditionalRACH-Config-r17. To be specific, gNB can indicate the PRACH repetition feature (e.g., msg1-Repetitions-r18) as true, which is provided in Feature Combination-r17 of AdditionalRACH-Config-r17, and gNB can indicate all preamble indexes are used for multiple PRACH transmission with specific repetition number.
In both options, gNB can provide a repetition number via higher layer signaling (e.g., SIB1). Specifically, for the first option, gNB can provide a repetition number for each separate preamble index group, and for the second option, gNB can provide a repetition number for each RACH configuration. Here, RAN1 can further discuss whether the same repetition number may be configured for different RACH resource or not.

Proposal 6. For multiple PRACH transmissions with same beam, consider one or multiple of the following options if multiple repetition values (e.g., R1, R2) are configured.
· Option 1: Multiple PRACH with R1 are transmitted with a separate preamble on shared ROs with multiple PRACH with R2 using FeatureCombination-r17 in either legacy configuration or AdditionalRACH-Config-r17.
· Option 2: Multiple PRACH with R1 are transmitted on separate ROs with multiple PRACH with R2 using FeatureCombination-r17 in AdditionalRACH-Config-r17.

Proposal 7. The repetition number can be provided via higher layer signaling (e.g., SIB) for multiple PRACH transmission.
· FFS on whether the same repetition number may be configured for different RACH resource or not.

Meanwhile, in the RAN1 #112 and #112b-e meetings, the RO group for multiple PRACH transmissions was discussed, and related agreements were made. Firstly, it is preferred to introduce the RO group in order to reduce the detection complicity on the gNB side. Moreover, we think the RO group can be defined by using starting RACH slot (and/or RO), time period, and repetition number. The RO group defined in this way can be applied for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs. For example, as shown in Figure 2 (a), a RO group can be determined in case when RACH resources for different repetition number (e.g., R=2, 4) are allocated on separate RO. For another example, as shown in Figure 2 (b), a RO group can be determined in case when RACH resources for different repetition number (e.g., R=2, 4) are allocated with separate preamble on shared RO.





Figure 2. Examples of RO group by using staring RO, time period, and repetition number (e.g., R=2, 4)
Two alternatives can be considered to determine the RO group based on the starting RACH slot (and/or RO), time period, and repetition number. For the first alternative, the starting RACH slot (and/or RO) and time period can be predefined based on PRACH configuration, SSB-to-RO mapping, and repetition number. For another alternative, the starting RACH slot (and/or RO) and time period can be provided by gNB via SIB independently for each repetition number.
In addition, we can further discuss on whether the multiple RO groups or a single RO group can be allocated within a time period. If multiple RO groups can be allocated within a time period, the number of multiple RO groups in a time period and/or starting position/offset could be also configured via higher layer signaling (e.g., SIB). Moreover, we can further discuss on whether the same time period is applied to all the configured number(s) of multiple PRACH transmissions. In case when different numbers of multiple PRACHs are transmitted on separate ROs, independent time period can be configured via each RACH configuration. 

Proposal 8. For multiple PRACH transmissions with same beam, "RO group" is supported for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs.

Proposal 9. Define a RO group by using starting RACH slot (and/or RO), time period, and repetition number for multiple PRACH transmissions.
· FFS on whether the multiple RO groups or a single RO group can be allocated within a time period.
· FFS on whether the same time period is applied to all the configured number(s) of multiple PRACH transmissions.

In the RAN1 #110b-e meeting, the ROs pattern for multiple PRACH transmission was discussed and related agreement was 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.


Regarding the first FFS point of this agreement, RAN1 needs to discuss whether to support the RO hopping in the frequency domain at different time instances for multiple PRACH transmissions. Basically, the RO hopping in the frequency domain has an advantage in terms of frequency diversity. In addition, it is possible to prevent the concentration of UEs for PRACH repetition in a specific RO among FDMed ROs. Therefore, it is preferred to support the RO hopping in the frequency domain at different time instances for multiple PRACH transmissions
Furthermore, it is necessary to determine which RO the UE should select among the multiple FDMed ROs. For example, the first RO may be randomly selected by UE, and then the predefined RO hopping pattern provided by gNB can be used for other ROs.

Proposal 10. Support the RO hopping in the frequency domain at different time instances for multiple PRACH transmissions.
· FFS on how to determine which RO among the FDMed ROs is used for PRACH repeated transmission.

Meanwhile, in the RAN1 #111 and #112 meetings, the transmission power for multiple PRACH transmissions was discussed, and related agreement was made. To be specific, in the RAN1 #112 meeting, it was agreed that the PRACH transmit power ramping is not applied within one RACH attempt for multiple PRACH transmissions with same beam. In addition, we think it is beneficial that the same measurement of the same reference signal to calculate the path loss is applied for each PRACH transmissions in one RACH attempt. And then, if re-transmission may be required, the transmission power ramping can be applied for another RACH attempt, similar to the legacy behaviour.

Proposal 11. For multiple PRACH transmissions with same beam, the same measurement of the same reference signal to calculate the path loss is applied for each PRACH transmissions in one RACH attempt.

In addition, in the RAN1 #112b-e meeting, the re-transmission algorithms including repetition numbers and transmit power were discussed. We think that re-transmission algorithms of multiple PRACH transmissions in LTE eMTC/NB-IoT would be a base line for Rel-18 NR CE PRACH enhancement. First of all, the transmit power of multiple PRACHs can be increased between RACH attempts. Then, if the maximum number of attempts for current number of PRACH repetitions is reached (i.e., if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1), the number of multiple PRACH transmissions in RACH re-attempts can be increased. 

Proposal 12. Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased when the maximum number of attempts for current number of PRACH repetitions is reached.
[bookmark: _GoBack]Furthermore, in the RAN1 #111 meeting, the SSB-to-RO mapping methods for multiple PRACH transmissions were discussed. Regarding this issue, we prefer to support SSB-to-RO mapping by RO unit, while maintaining the existing SSB-to-RO mapping scheme (i.e., frequency first – time second manner). For example, a RO unit can consist of multiple (N) consecutive ROs in time, and N may be a repetition number (or less than repetition number) for multiple PRACH transmissions.
Figure 3 shows an example of RO unit-wise SSB-to-RO mapping by comparing it with an example of legacy SSB-to-RO mapping. In this example, we assume that the number of ROs in RO unit (N) is 2, the repetition number for multiple PRACH transmission is 2, and 4 ROs per SSB are associated. In this way, gNB and UE can understand that SSB-to-RO mapping is performed in a frequency first–time second manner based on a RO unit consisting of N consecutive ROs in time. Thereafter, the UE can transmit multiple PRACH preambles using multiple ROs with the same UL TX beam.



Figure 3. Example of legacy and RO unit-wise SSB-to-RO mapping (N = 2, Repetition number = 2, and 4 ROs per SSB)

Proposal 13. In case when the separate RO is allocated for multiple PRACH repetitions, consider the following for SSB-to-RO mapping for multiple PRACH transmissions.
· RO unit-wise SSB-to-RO mapping by frequency first-time second manner
· One RO unit consists of multiple (N) consecutive ROs in time

3. Conclusion
In this contribution, we discussed the PRACH coverage enhancements for Rel-18 NR coverage enhancement, we have the following proposals.

Proposal 1. Prioritize the PRACH repeated transmissions with the same beam for 4-step RACH procedure in Rel-18 NR coverage enhancement.

Proposal 2. One or multiple RSRP threshold(s) can be provided via higher layer signaling (e.g., SIB).

Proposal 3. The RA-RNTI value is calculated based on the last valid RO in the RO group for multiple PRACH transmissions for one RACH attempt.
· The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.

Proposal 4. In Rel-18 NR coverage enhancement, gNB may configure the FDMed RO index offset in additional RACH configuration.
· If configured, the FDMed RO index offset shall be added to f_id for RA-RNTI calculation.

Proposal 5. If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped, the dropped PRACH transmission will not be postponed.

Proposal 6. For multiple PRACH transmissions with same beam, consider one or multiple of the following options if multiple repetition values (e.g., R1, R2) are configured.
· Option 1: Multiple PRACH with R1 are transmitted with a separate preamble on shared ROs with multiple PRACH with R2 using FeatureCombination-r17 in either legacy configuration or AdditionalRACH-Config-r17.
· Option 2: Multiple PRACH with R1 are transmitted on separate ROs with multiple PRACH with R2 using FeatureCombination-r17 in AdditionalRACH-Config-r17.

Proposal 7. The repetition number can be provided via higher layer signaling (e.g., SIB) for multiple PRACH transmission.
· FFS on whether the same repetition number may be configured for different RACH resource or not.

Proposal 8. For multiple PRACH transmissions with same beam, "RO group" is supported for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs.

Proposal 9. Define a RO group by using starting RACH slot (and/or RO), time period, and repetition number for multiple PRACH transmissions.
· FFS on whether the multiple RO groups or a single RO group can be allocated within a time period.
· FFS on whether the same time period is applied to all the configured number(s) of multiple PRACH transmissions.

Proposal 10. Support the RO hopping in the frequency domain at different time instances for multiple PRACH transmissions.
· FFS on how to determine which RO among the FDMed ROs is used for PRACH repeated transmission.

Proposal 11. For multiple PRACH transmissions with same beam, the same measurement of the same reference signal to calculate the path loss is applied for each PRACH transmissions in one RACH attempt.

Proposal 12. Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased when the maximum number of attempts for current number of PRACH repetitions is reached.

Proposal 13. In case when the separate RO is allocated for multiple PRACH repetitions, consider the following for SSB-to-RO mapping for multiple PRACH transmissions.
· RO unit-wise SSB-to-RO mapping by frequency first-time second manner
· One RO unit consists of multiple (N) consecutive ROs in time
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