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In the last RAN1 meeting, different aspects of multiple PRACH transmission for coverage enhancement were discussed [1]; the agreements from the meeting are captured below. In this contribution, several other remaining issues for PRACH coverage enhancement are discussed.

	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
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.



Discussion
Multiple PRACH transmissions
Depending on the UE’s conditions (e.g., UE in bad coverage situation or UE in cell center), the UE can select multiple PRACH transmissions or a single PRACH transmission. In the RAN1 #112 meeting, it was agreed to support multiple values for the number of PRACH transmissions. Furthermore, it was agreed in RAN1 #111 meeting to use at least SSB-RSRP threshold to determine the number of PRACH transmissions:
	Agreement (RAN1 #112))
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details
Agreement (RAN1 # 111)
· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.


The gNB can configure the UE with multiple SSB-RSRP thresholds where each threshold is associated with different number of PRACH transmissions.
[bookmark: _Hlk134861791]Proposal 1: The UE is configured with association between the SSB-RSRP thresholds and the number of multiple PRACH transmissions. 
For the first RACH attempt, the UE can pick a value for the number of PRACH transmissions based on the SSB-RSRP measurement and the associated number of PRACH transmissions. If the UE does not receive a random-access response, the UE then can increase the number of PRACH transmissions in the next attempt. Another alternative is to retransmit the PRACH with the same number of repetitions but with a higher power. We think retransmission with a larger power should be used only after the maximum number of repetitions is reached and the transmission is still not successful. 
Proposal 2: The UE increases the number of multiple PRACH transmissions if RAR is not received. 



RO Group Configuration
In RAN1 #112, the definition of “RO group” was discussed and the following agreement was taken:
	Agreement
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.
· Note 1: All ROs in one RO group is associated with the same SSB(s).
· Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
· Note 3: whether/how to define “RO group” in specification will be discussed separately
· Note 4: Valid RO(s) refers to what is defined in existing specification
· FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
· FFS: the time span of RO group.
· FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
· FFS: other details



One issue that needs clarification is the time-frequency span of a RO group. In coverage enhancement, for maximum power, repetitions should be transmitted in different time instances. The following proposal clarifies the definition of a RO group.
Proposal 3: One RO group consists of TDMed ROs associated with the same SSB/CSI-RS for a specific number of PRACH transmissions.
An important aspect that needs to be agreed is how to configure RO groups. Two possible options are shown below. In option A, RO groups corresponding to different repetition levels can be configured over the same ROs while in option B, RO groups are configured on different ROs. Since option A can provide reduced latency and better resource utilization compared to Option B, it is more preferable. 
Proposal 4: RO groups corresponding to different repetition levels can be configured over the same ROs.
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Figure 1 RO group configuration options
The PRACH performance can be improved if frequency hopping is used in which ROs within a RO group are transmitted in different frequencies. So, the following is proposed:
Proposal 5: The starting RB of ROs can be different at different time instances.

One important aspect, which was discussed in the last meeting without an agreement, is the determination of the starting position and the time span of a RO group. To reduce complexity at the UE for RO group determination while keeping the same PRACH repetition pattern, it may be useful to define an association pattern period concept like Rel-17.
Proposal 6: Introduce association period and association pattern period concepts for multiple PRACH transmission.

RAR monitoring
In the last meeting, it was agreed that the starting point of the RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
In NR Rel-15, each PRACH occasion is associated with RA-RNTI for PDCCH monitoring to receive the random-access response. The RNTI depends on the slot, symbol, frequency resource, and uplink carrier of the PRACH resource. With the support of multiple PRACH transmissions, RA-RNTI association with multiple PRACH resources needs to be discussed i.e., whether for each PRACH resource the UE is configured with RA-RNTI or for all the PRACH transmissions there is one associated RA-RNTI. In our view, only one RA-RNTI needs to be associated with the multiple PRACH transmissions. For example, based on the first occasion within a bundle, RA-RNTI can be calculated. With a single RA-RNTI, the blind decoding effort can be reduced leading to lower power consumption.
Proposal 7: One RA-RNTI is associated with the multiple PRACH transmissions. 

Conclusion
In this contribution, we have discussed a few of the remaining issues for PRACH coverage enhancement and proposed the following:
Proposal 1: The UE is configured with association between the SSB-RSRP thresholds and the number of multiple PRACH transmissions. 
Proposal 2: The UE increases the number of multiple PRACH transmissions if RAR is not received. 
Proposal 3: One RO group consists of TDMed ROs associated with the same SSB/CSI-RS for a specific multiple number of PRACH transmissions.
Proposal 4: RO groups corresponding to different repetition levels can be configured over the same ROs.
Proposal 5: The starting RB of ROs can be different at different time instances.
Proposal 6: Introduce association period and association pattern period concepts for multiple PRACH transmission. 
Proposal 7: One RA-RNTI is associated with the multiple PRACH transmissions. 
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