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Introduction
PRACH transmission is important for many procedures, e.g., initial access and beam failure recovery. One of the objectives of the Rel.18 WID of further NR coverage enhancements is to enhance the coverage performance of PRACH as follows [1]
· 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.
This document provides our view on PRACH coverage enhancements. 

Discussion on multi-PRACH transmission
PRACH resource for multi-PRACH transmission with the same beam
Resource configuration 
Multi-PRACH resource
Multi-PRACH resource, which denotes available RO(s) and/or preamble(s), used for a multi-PRACH transmission with the same Tx beam has been discussed since RAN1#10bis-e. In RAN1#111, it was agreed to differentiate at least between a multi-PRACH transmission and single PRACH transmission by considering one or multiple of the following options
· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs,
· Option 2: Multiple PRACH are transmitted on separate ROs,
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs,
where the shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. We think that any of the three options can work and each of them has different advantage and disadvantage as follows 
· For Option 1, it might have limited specification impact. However, there are many existing UE features which are distinguished by partitioning preambles, such as CBRA/CFRA, 2-step/4-step RACH, Msg3 repetition, SI request, etc. Therefore, the space of separate preamble resource for the multi-PRACH transmission would be limited when they are used together. 
· For Option 2, there is no need to further partition the preambles and to consider the coexistence of legacy UE without capable of multi-PRACH transmission. It requires more specification impact than Option 1, e.g., it requires to introduce frequency-domain and/or time-domain offset(s) to define separate ROs, and SSB-to-RO mapping. On the other hand, the specification and complexity are less than that of Option 3.
· For Option 3, it is a hybrid of Option 1 and Option 2. It is the most complicated scheme and even more complicated than just supporting both Option 1 and Option 2. Option 3 would not have specific performance gain as compared with Option 1 or Option 3. 
Depending on the RO resource usage related to the number of UEs in a cell and the combinational usage of PRACH resource partitioning, to support both Option 1 and Option 2 and to select either Option 1 or Option 2 at the deployment would be reasonable. On the other hand, we don't support Option 3 as the merit is not clear and the complexity is increased.
Regarding ROs for multi-PRACH transmissions, a term of "RO group" has been discussed during the meeting as shown in the following FL’s proposal [2].
	FL’s Proposal 9-new-b
For multiple PRACH transmissions with same Tx beam, a term of "RO group" is introduced to facilitate further discussion. For each RACH attempt, UE determines and selects one RO group for multiple PRACH transmissions, where RO(s) for a specific number of multiple PRACH transmissions are configured [, and transmit PRACH in the RO(s) within the RO group].
[Note 1: Determination and selection of RO group (including related configuration) is a separate discussion, including which WG should work on the configuration aspects, details of the signaling structures (if any).]
Note 2:  Each RO in one RO group is associated with the same SSB(s).
Note 3: Whether/How to capture the RO group in the spec. is a separate discussion.



We think that "RO group" needs to be defined from UE perspective or cell perspective, respectively. We call them as a RO UE group or a RO cell group, respectively, wherein
· A RO UE group includes ROs used in one PRACH attempt of a UE for the multi-PRACH transmission. For  PRACH repetitions, one RO UE group is used for one PRACH attempt.
· A RO cell group is determined based on clustering ROs located in close proximity to one another in time domain, or frequency domain, or in both time and frequency domains. The understanding of RO cell groups is common among UEs regardless of the number of  PRACH repetitions (or transmissions). This allows the resource usage alignment among UEs. For  PRACH repetitions, N RO cell groups can be used for one PRACH attempt, where each of N ROs for the N PRACH repetitions is selected from each of N RO cell groups.
Above means that a UE chooses one RO UE group from M RO cell groups for one PRACH attempt for multiple PRACH transmission, and one preamble is sent in each RO of the one RO UE group. The relation between RO UE group and RO cell group can be illustrated by the following figure. 



Figure 1. An example of relationship between RO UE group and RO cell group.

Proposal 1: For a multi-PRACH transmission, a UE chooses one RO UE group containing N ROs for one PRACH attempt. One preamble is sent in each of N ROs of the one RO UE group.

SSB-to-RO mapping

In RAN1#111, the SSB-to-RO mapping was discussed and shown in the following FL’s proposal [2].
	FL’s proposal 10
For the separate ROs configured for multiple PRACH transmissions if any, consider the following options for SSB-to-RO/RO group mapping:
· Option 1: SSB-to-RO mapping follows the legacy mechanism.
· Option 2: SSB-to-RO mapping follows a new defined mechanism.




Our preference is to support that SSB-to-RO mapping follows the legacy mechanism as we don't identify any specific need of a new defined mechanism. 
Proposal 2: Support to reuse the legacy mechanism for SSB-to-RO mapping for the multi-PRACH transmission.

Number of multiple PRACH transmissions
Regarding a number of multiple PRACH transmissions, the following agreement was reached.
	Agreement
For multiple PRACH transmissions with same Tx beam, down-select one option from the following options.
· Option 1: gNB can only configure one value for the number of multiple PRACH transmissions.
· Option 2: gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· FFS: details



Option 2 is a super set of Option 1 since one or multiple values for the number of multiple PRACH transmissions can be configured. Our view is that Option 2 is the case when UE determines the number of multiple PRACH transmissions based on SSB-RSRP measurement and SSB-RSRP threshold(s) comparison as agreed in RAN1#111.
Proposal 3: Support to configure one or multiple values for the number of multiple PRACH transmissions.

Regarding candidate values, a set of {2, 4, 8} for the number of multi-PRACH transmissions would be sufficient to compensate the performance shortage of PRACH coverage. 
Proposal 4: Support {2, 4, 8} for the number of multiple PRACH transmissions.

Furthermore, there are two design choices for an assignment between multi-PRACH resource and a specific number of the PRACH transmission as follows.
· Dedicated n-th PRACH transmission resource: To assign a dedicated multi-PRACH resource for a specific number of the PRACH transmissions, e.g., specific n-th multi-PRACH transmission is transmitted only specific n-th multi-PRACH resource. 
· Shared n-th PRACH transmission resource: To commonly use multi-PRACH resource for all possible numbers of the PRACH transmissions, i.e., the first PRACH transmission from multi-PRACH transmission can start any of the index of multi-PRACH resource.
If/when a combined detection over the multi-PRACH transmission is supported, a dedicated n-th PRACH transmission resource would be useful as gNB can combine from the first multi-PRACH to the last multi-PRACH transmission. However, the required PRACH resources could be too large. Although the dedicated n-th PRACH transmission resource would provide better performance gain, our concern is that it requires many preamble resources for multi-PRACH transmissions. If a sufficient number of multi-PRACH transmission resource is not configured, it increases the latency due to waiting for the corresponding index of preamble resource. Our view is that the reduced PRACH resource usage and reduced latency can be more important than to have a combined detection of multi-PRACH combining gain depending on PRACH resource availability. Therefore, we propose to support both of the dedicated and shared n-th PRACH transmission resources for CBRA.
In case of CFRA, the preamble resource is dedicated for the specific UE. gNB could have sufficient knowledge of UE channel condition, compared to the CBRA and no contention happen. In this case, the design that specific PRACH resource is dedicated for the specific number of the PRACH transmission can have the merit for the combined detection over the multiple PRACH transmissions. In order to save PRACH resource, the second design, i.e., a preamble resource can be used for any number of PRACH repetition transmission, can be also supported. These two designs can be semi-statically configured.
Proposal 5: For CBRA and CFRA, support the following resource configuration for the multi-PRACH transmission
· Dedicated n-th PRACH transmission resource: A specific PRACH resource is used for a specific number of the PRACH transmissions.
· Shared n-th PRACH transmission resource: A PRACH resource can be used for all possible numbers of PRACH transmissions.
Proposal 6: For CBRA and CFRA, support to configure the dedicated or shared n-th PRACH transmission resource to a UE in a semi-static manner.

RAR window and RA-RNTI calculation
RAR window
For the single PRACH transmission, the UE attempts to detect a DCI format 1_0 with CRC scrambled by a RA-RNTI candidate during a window that starts at least one symbol after the last symbol of PRACH occasion corresponding to the PRACH transmission. For the multi-PRACH transmission, it has been agreed to consider the following options related to a design of RAR window for multi-PRACH transmission with the same beam as follows
	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.


Option 1 might introduce one RA-RNTI candidate for each PRACH transmission. So, if early termination is allowed, UE needs to receive multiple RA-RNTIs. On the other hand, depending on which RO is used for the determination of RA-RNTI as discussed later, Option 2 does not require multiple RA-RNTI receptions even for early termination. Therefore, we don't support Option 1 and we prefer to take Option 2 for the simplicity of UE reception of RAR.  
Proposal 7: Support only one RAR window for all of the multiple PRACH transmissions (Option 2)

In Option 2, the starting point of a RAR window have following alternatives
· Alt. A1: The RAR window starts after the first RO used for multiple PRACH transmissions  
· Alt. A2: The RAR window starts after the last RO used for multiple PRACH transmissions 
Alt. 1 allows early termination of multi-PRACH transmissions to save UE transmission power consumption and RACH resource usage as UE can identify the successful reception of PRACH by RAR in the RAW window. For Alt. 2, the UE does not need to monitor the RAR until it completes the multi-PRACH transmission. This is useful for a combined detection of the multi-PRACH transmission and useful to save UE reception power for RAR. We propose to support both Alternatives and configure one of them semi-statically.


RA-RNTI calculation
The RA-RNTI candidate is calculated based on a RO of the single PRACH transmission according to the following equation [TS 38.321] 
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id, 
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for PRACH preamble transmission (0 for NUL carrier, and 1 for SUL carrier). The design of RA-RNTI is related to the corresponding RAR window.
In Option 2 of the RAR window, i.e., only one RAR window for all of the multiple PRACH transmissions, a single RA-RNTI candidate for the multi-PRACH transmission can be calculated based on the following alternatives
· Alt. B1: The indexes of time and frequency resources of the first RO are used for RA-RNTI calculation.
· Alt. B2: The indexes of time and frequency resources of the last RO are used for RA-RNTI calculation.
A selection of above alternatives is related to the corresponding alternative for the starting point of RAR window as the window starting point and selected RO should be aligned. It should be either of the pair of {A1, B1} or {A2, B2}. It means both RNTI calculation and starting point of the RAR are based on either the first RO or the the last RO of the multi-PRACH transmission. We propose to support both alternatives for calculating RA-RNTI candidate for the multi-PRACH transmission depending on the usage of early termination or combined detection. 
In summary, we propose to support the following two schemes for RAR window and RA-RNTI calculation
· Scheme 1: For enabling early termination of a multi-PRACH transmission, 
· A RAR window for PRACH transmissions can start after the first RO in the RO UE group,
· A RA-RNTI candidate is calculated based on the indexes of time and frequency resources of the first RO in the RO UE group.
· Scheme 2: For achieving a combined detection of a multi-PRACH transmission, 
· A RAR window for PRACH transmissions can start after the last RO in the RO UE group,
· A RA-RNTI candidate is calculated based on the indexes of time and frequency resources of the last RO in the RO UE group.
Scheme 1 can be applied for both scenarios of using the same beam or using different beams for the multi-PRACH transmission and it might not provide a combined detection gain. On the other hand, the purpose of scheme 2 is to achieve a combined detection gain, hence it can be applied to a scenario of using the same beam for the multi-PRACH transmission. gNB can configure one of these schemes to a UE in a semi-static manner depending on the usage of the early termination or the combined detection. Moreover, scheme 1 is suitable for the limited number of ROs in a cell and scheme 2 is suitable for the sufficient number of ROs in a cell.
Proposal 8: Support the following two schemes for RAR window and RA-RNTI calculation
· Scheme 1: For enabling early termination of a multi-PRACH transmission, 
· A RAR window for PRACH transmissions can start after the first RO in the RO UE group,
· A RA-RNTI candidate is calculated based on the indexes of time and frequency resources of the first RO in the RO UE group.
· Scheme 2: For achieving a combined detection of a multi-PRACH transmission, 
· A RAR window for PRACH transmissions can start after the last RO in the RO UE group,
· A RA-RNTI candidate is calculated based on the indexes of time and frequency resources of the last RO in the RO UE group.
Proposal 9: Support to configure one of two schemes (Schemes 1 and 2) for RAR window and RA-RNTI calculation in a semi-static manner.

Interaction between multi-PRACH transmission and Msg3 repetition
In Rel.17, Msg.3 PUSCH repetition is supported. For requesting Msg3 repetition, the separate PRACH resources are used, and a UE selects one of them based on the RSRP of the downlink pathloss reference (i.e., RSRP is less than rsrp-ThresholdMsg3 or not). Since Msg.3 is more coverage bottleneck channel than PRACH, when multi-PRACH transmission is triggered for the CBRA, the typical subsequent operation is that Msg3 repetition would also be required to be applied. The case of having PRACH repetition and not having Msg3 repetition would not be required to be supported, but the case of not having PRACH repetition and having Msg3 repetition needs to be supported. Such design can make PRACH resource usage more efficient.
Proposal 10: The PRACH resource for requesting Msg3 repetition with not having PRACH repetition and PRACH resource for requesting both Msg3 and PRACH repetitions should be supported. PRACH repetition for requesting PRACH repetition with not having Msg 3 repetition is not required to be supported.

Similar to Msg3 repetition, RSRP threshold could be defined to trigger multi-PRACH transmission. When RSRP is lower than the RSRP threshold, UE may trigger multi-PRACH transmission. The multiple RSRP thresholds are required when the number of PRACH repetition is determined by UE. As mentioned above, when the multi-PRACH transmission is triggered, it is reasonable approach that Msg3 repetition is also requested. 
One of the issues related to subsequent operation of Msg3 would be further lower coding rate (i.e., more repetitions and/or lower MCS index) in multi-PRACH transmission scenario. As multi-PRACH transmission scenario intends to extend the coverage more than that of just Msg.3 repetition only scenario, an achievable Msg3 performance improvement based on multi-PRACH transmission scenario is necessary. Therefore, the support of further lower coding rate of Msg3 is necessary. In Rel.17, when UE requests Msg3 repetition, MCS information field is interpreted based on the following manner.
- 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values
- 2 LSB bits of the MCS information field are used for selecting one MCS index from a SIB1 configured set with 4 candidate MCS indices. 
When the number of PRACH repetition is determined by UE, the proper number of repetitions and/or MCS for Msg3 PUSCH can be different depending on the number of PRACH repetition. Since 4 repetition factors and 4 MCS indices can be configured in Rel.17 specification, the configuration of Msg3 repetitions and/or MCS can be adjusted by these 4 configured values corresponding to the multi-PRACH transmission case. However, for the channel corresponding to not having PRACH repetition and but having Msg3 repetition, these four configured can be insufficient. Therefore, to adjust the number Msg3 repetitions and/or MCS depending on PRACH repetition would be necessary. It can be realized by additional SIB1 configured set or applying scaling factor to Rel.17 configured set depending on PRACH repetition. 
Proposal 11: When the multi-PRACH transmission is triggered by UE, the mechanism to enable more repetitions and/or lower MCS index than the Rel.17 configured set for Msg3 repetition should be supported.

Power control
Regarding power ramping aspect for multi-PRACH transmission, it has been discussed in RAN1#110-bis-e as shown in the following FL’s proposal. 
	FL’s proposal
For multiple PRACH transmissions with same beam in one RACH attempt, one of the two options can be considered.
· Option 1: Transmission power ramping is not applied during the multiple PRACH transmissions.
· Option 2: Transmission power ramping can be applied per PRACH transmission during the multiple PRACH transmissions.
· FFS: The initial power and power ramping step.
· FFS: The same measurement of the same reference signal to calculate the pathloss is applied for each PRACH transmissions.


Our understanding is that FL’s proposal is to intend to discuss power ramping aspect and path loss measurement aspects separately. When the power ramping is not applied and the same path loss measurement is used during the multiple PRACH transmission, the transmission power is the same.
Our view is that the power ramping is not applied during the multiple PRACH transmissions (i.e., support Option 1), but path loss compensation based on the pass loss measurement is configurable. If the multi-PRACH transmission can be finished within relatively short time by configuring sufficient ROs in a frame, the same path loss measurement is sufficient and better for a combined detection of the multi-PRACH transmission. If the multi-PRACH transmission takes long time by configuring a sparse density of ROs in a frame, not using the latest path loss measurement can result too high or too low PRACH transmission power. Therefore, gNB can configure how path loss measurement is taken would be reasonable.
Proposal 12: For multi-PRACH transmission with same beam in one RACH attempt, the transmission power ramping is not applied during the multiple PRACH transmissions. gNB can configure either to compensate path loss or not compensate the path loss.

Multi-PRACH transmission with different beams
Regarding multi-PRACH transmission with different beams, in RAN1#111, the following agreement has been reached. 
	Agreement
Study at least the following case for multiple PRACH transmissions with different Tx beams.
· UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS
· FFS: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs, where the different SSBs/CSI-RSs are not associated with the same RO.
· Note: not related to decision on CFRA 
· Note: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs/CSI-RSs, where the different SSBs/CSI-RSs are associated with the same RO is not considered


Our preference is to prioritize to complete the basic design concept for multi-PRACH transmission with the same beam as shown in above sub-sections. On the other hand, our position of the same beam case is not always to use a combined detection of the multi-PRACH transmission. Then, there would be no need to mandate to use the same beam for other than combined detection of the multi-PRACH transmission, but it is better to select the best beam by UE. The choice of beam can be up to UE implementation. Therefore, our current position is no need of the differentiation between same beam and different beams.
Proposal 13: The design other than a combined detection of the multi-PRACH transmission can be used for multi-PRACH transmission with different beams. The choice of beam can be up to UE implementation. 


Conclusions
In this contribution, we provide our view on PRACH coverage enhancements. We made the following proposals. 
Proposal 1: For a multi-PRACH transmission, a UE chooses one RO UE group containing N ROs for one PRACH attempt. One preamble is sent in each of N ROs of the one RO UE group.
Proposal 2: Support to reuse the legacy mechanism for SSB-to-RO mapping for the multi-PRACH transmission.
Proposal 3: Support to configure one or multiple values for the number of multiple PRACH transmissions.
Proposal 4: Support {2, 4, 8} for the number of multiple PRACH transmissions.
Proposal 5: For CBRA and CFRA, support the following resource configuration for the multi-PRACH transmission
· Dedicated n-th PRACH transmission resource: A specific PRACH resource is used for a specific number of the PRACH transmissions.
· Shared n-th PRACH transmission resource: A PRACH resource can be used for all possible numbers of PRACH transmissions.
Proposal 6: For CBRA and CFRA, support to configure the dedicated or shared n-th PRACH transmission resource to a UE in a semi-static manner.
Proposal 7: Support only one RAR window for all of the multiple PRACH transmissions (Option 2).
Proposal 8: Support the following two schemes for RAR window and RA-RNTI calculation
· Scheme 1: For enabling early termination of a multi-PRACH transmission, 
· A RAR window for PRACH transmissions can start after the first RO in the RO UE group,
· A RA-RNTI candidate is calculated based on the indexes of time and frequency resources of the first RO in the RO UE group.
· Scheme 2: For achieving a combined detection of a multi-PRACH transmission, 
· A RAR window for PRACH transmissions can start after the last RO in the RO UE group,
· A RA-RNTI candidate is calculated based on the indexes of time and frequency resources of the last RO in the RO UE group.
Proposal 9: Support to configure one of two schemes (Schemes 1 and 2) for RAR window and RA-RNTI calculation in a semi-static manner.
Proposal 10: The PRACH resource for requesting Msg3 repetition with not having PRACH repetition and PRACH resource for requesting both Msg3 and PRACH repetitions should be supported. PRACH repetition for requesting PRACH repetition with not having Msg 3 repetition is not required to be supported.
Proposal 11: When the multi-PRACH transmission is triggered by UE, the mechanism to enable more repetitions and/or lower MCS index than the Rel.17 configured set for Msg3 repetition should be supported.
Proposal 12: For multi-PRACH transmission with same beam in one RACH attempt, the transmission power ramping is not applied during the multiple PRACH transmissions. gNB can configure either to compensate path loss or not compensate the path loss.
Proposal 13: The design other than a combined detection of the multi-PRACH transmission can be used for multi-PRACH transmission with different beams. The choice of beam can be up to UE implementation. 
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