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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.
The RAN1 part of coverage enhancement was completed in RAN1#114. This document provides our view on the correction of PRACH coverage enhancements. 

Discussion on multi-PRACH transmission
Time offset
A time offset has been introduced to control density of possible RO groups for a given number of N PRACH transmissions, where it is defined as a number of valid RO between the starting ROs of two consecutive RO groups at the same frequency allocation. The candidate value of the time offset have been proposed for achieving possible alignment in time-domain between 2/4/8 repetitions so that UE has lower complexity of determination of RO groups, as shown in below agreements. 
	Agreement
TimeOffsetBetweenStartingRO-r18 is configured separately for each configured number of multiple PRACH 

Agreement
The candidate value of TimeOffsetBetweenStartingRO-r18 is proposed as below
· {16, [32]}, for RO groups for 8 repetitions
· {8, 16, [32]}, for RO groups for 4 repetitions
· {4, 8, [16, 32]}, for RO groups for 2 repetitions



We think that the counting of valid RO for the time offset can be based on valid ROs for obtaining at least one RO group for the given number of N PRACH transmissions, hence the candidate values of 16 and 32 would be useful to reduce RO resource usage with accepting an increased latency. It is up to gNB to configure a candidate value of the time offset for the given number of N PRACH transmissions with the consideration of RO resource usage and latency. Having said that, we support to keep candidate values in brackets [], i.e., the brackets can be removed. 

Proposal 1: Support candidate values of TimeOffsetBetweenStartingRO-r18 as below
· {16, 32} for RO groups for 8 repetitions
· {8, 16, 32} for RO groups for 4 repetitions
· {4, 8, 16, 32} for RO groups for 2 repetitions

Moreover, it is still not concluded whether a time offset is used for determining the time period X or not, where a time period X is defined as K SSB-to-RO association pattern periods and K is implicitly determined as a minimum integer based on the largest configured number of multiple PRACH transmissions such that there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB. We observe that the time offset might or might not impact on determination of length of time periodicity X as a time offset and a time period X are two separate terminologies as follows
· Option 1: Time offset is used when determining time period X, e.g., Step 1 is to apply time offset for density control, then step 2 is to determine time period X
· Option 2: Time offset is not used when determining time period X, e.g., Step 1 is to determine time period X, then step 2 is to apply time offset for density control. 
For a simplicity for determining the time period X and determining possible RO groups for a given number of N multiple PRACH transmissions, Option 2 is more suitable than Option 1. Therefore, we propose the following. 

Proposal 2: Support not to consider a time offset when determining a time period X, e.g., Step 1 is to determine the time period X, then step 2 is to apply a time offset for density control.

Determination of number of PRACH transmissions
Regarding candidate values for the number of PRACH transmissions, it has been agreed a set of {2, 4, 8} to compensate the performance shortage of PRACH coverage, and 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 PRACH transmissions is also supported. In this case, a UE needs to determine the number of PRACH transmissions based on SSB-RSRP measurement and SSB-RSRP threshold(s) comparison. Moreover, CFRA with multiple PRACH transmissions is supported for a case of Reconfiguration with sync based on below RAN2 agreements. There is ongoing discussion in RAN2 whether to support CFRA with multiple PRACH transmissions in condition handover, however, this case is not concluded yet. For these cases, a number of PRACH transmissions can be indicated in a DCI. 
	Agreements (RAN2 #122)
RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases.

Agreements (RAN2 #123)
CFRA with Msg1 repetition for BFR and with PDCCH order are not supported (can be revisited if there is consensus to support this)



Regarding how a UE determines a RO group from the configured RO list for Reconfiguration with sync in CFRA, we think that each RO group (from the configured RO list) can be associated with a number of PRACH transmissions, hence a UE can determine a RO group when it is indicated a number of PRACH transmissions by the DCI. Therefore, we propose the following. 

Proposal 3: Support a determination of a number of PRACH transmissions as follows
· For RA without PDCCH order, a UE determines a number of PRACH transmissions based on a comparison between SSB-RSRP measurement and SSB-RSRP threshold.
· For RA with PDCCH order, PDCCH can indicate either of the following.
· If a number of PRACH transmission is indicated, UE follows the indicated number of PRACH transmissions.
· UE determines a RO group based on its association with the indicated number of PRACH transmissions.
· If a number of PRACH transmission is not indicated, the same operation with RA without PDCCH order.

Power control and retransmission
In RAN1#114, it has been concluded to reuse the two transmission power determination equations of Rel-17 NR PRACH to calculate the transmission power of each PRACH transmission in a multi-PRACH transmission in the following.  
	Conclusion
For multiple PRACH transmissions with the same Tx beam, the two transmission power determination equations (just for reference: equation (1) and (2) as shown in the reference) of Rel-17 NR PRACH are reused for calculating the transmission power of each PRACH transmission, i.e.,
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.
Note: The following is for reference.
	For reference:
The power control formula of NR PRACH consists of the following two steps:
Step 1: Calculate the receive target power of one single transmission. 
PREAMBLE_RECEIVED_TARGET_POWER=preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep   (1)
Step 2: Calculate the transmission power of single transmission.
P_PRACH = min{P_CMAX(i), PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm] (2)







However, it is still not concluded which value(s) is/are to be used in these two equations. In order to do so, it is necessary to conclude whether to apply a multi-PRACH transmission before or after UE’s transmit power reaches a maximum transmit power. The relevant discussion has been started since RAN1#112-bis-e, as shown in the following cases with options and alternatives [2].

	· Case 1: Single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts.
· Option 1: The number of PRACH transmission in RACH re-attempts is not increased, regardless of whether the maximum transmission power is reached or not.
· Option 2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached.
· Case 2: Multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds.
· Option 1: The maximum transmission power is not compulsorily applied for the first RACH attempt. 
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
· Option 2: The maximum transmission power is compulsorily applied for the first RACH attempt.
· Alt.1: The number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt. Power ramping is not needed.
· Alt.2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. Power ramping is not needed.
· FFS: details, e.g., a smaller power headroom based on an increased power ramping counter, or tolerance zone around the SSB-RSRP threshold(s) is defined to determine whether to increase the number of PRACH transmissions.



We think that a multi-PRACH transmission is to be used after UE’s transmit power reaches a maximum transmit power. In this case, power ramping is ONLY applied for single PRACH transmission case, and not applied during the multi-PRACH transmission and between PRACH attempts. Possible UE behaviours could be shown in the following 
· UE attempts a single PRACH transmission until UE’s transmit power reaches a maximum transmit power. If it does not receive any response from gNB, it can attempt 2 PRACH transmissions => 4 PRACHs transmissions => 8 PRACH repetitions subsequentially. 
· Depending on SSB-RSRP threshold(s), a UE is not required to start from a single PRACH transmission, it can jump to a specific number of PRACH transmissions in a multi-PRACH transmission.
With such understanding, we support Alt. 2 in Option 2 in Case 2.
Alternatively, for a compromised approach, the following FL’s proposal 4-1 has been discussed in RAN1#114 meeting [3]. We also support this proposal. 
	FL’s proposal 4-1
For the first RACH attempt, the UE determines
· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches its maximum transmission power.
· If the SB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on SSB-RSRP threshold.
· If multiple PRACH transmissions are determined, the number of multiple PRACH transmissions is based on the configured SSB-RSRP threshold(s).
· Note1: If multiple PRACH transmissions are determined, the power calculation of each PRACH transmission of the multiple PRACH transmissions is a separate discussion.



Proposal 4:  For the first RACH attempt, a UE determines
· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches its maximum transmission power.
· If the SB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on SSB-RSRP threshold.
· If multiple PRACH transmissions are determined, the number of multiple PRACH transmissions is based on the configured SSB-RSRP threshold(s).
· Note1: If multiple PRACH transmissions are determined, the power calculation of each PRACH transmission of the multiple PRACH transmissions is a separate discussion.

In addition, regarding pathloss aspect, FL has proposed the following proposal 5-3-1 for further discussion.
	FL’s proposal 5-3-1
For transmission power calculation of multiple PRACH transmissions with the same Tx beam, down select one of the following options:
· Option 1: the same pathloss is applied for all the PRACH transmissions within one RACH attempt.
· Option 2: the pathloss for each PRACH transmission of the multiple PRACH transmissions within one RACH attempt is separately estimated.



We think that if the multi-PRACH transmission can be finished within relatively short time by configuring sufficient ROs in a frame, the same pathloss 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 pathloss measurement can result too high or too low PRACH transmission power. Therefore, gNB can configure how pathloss measurement is taken would be reasonable. Hence, we propose to replace FL’s proposal 5-3-1 as the following.

Proposal 5: For multi-PRACH transmission with Tx same beam in one RACH attempt, based on the density of ROs and so on, gNB can configure either to compensate path loss or not compensate the path loss. 
Interaction between multi-PRACH transmission and Msg3 repetition
In RAN1#111 meeting, it has been agreed that 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. If a multi-PRACH transmission is triggered, the coverage of uplink is poor. It implies that the coverage of Msg3 repetition can also be poor (e.g., Case 3 in Fig. 1) because Msg3 PUSCH is a more coverage bottleneck channel than PRACH as shown in study item phase in Rel. 17. Hence, it is not likely that that a multi-PRACH transmission is required, but Msg3 PUSCH repetition is not required. Furthermore, in Rel. 17, in order to request Msg3 repetition, the separate PRACH resources are used. Having said that multi-PRACH transmission and Msg3 repetition have a strong relationship. The PRACH resource for PRACH repetition and Msg3 repetition should be same when both multi-PRACH and Msg3 repetition are triggered together. Otherwise, the UE is required to transmit two PRACH preambles for a multi-PRACH transmission and a requesting Msg3 repetition, respectively. To avoid this situation, it is required to specify interaction between multi-PRACH transmission and Msg3 repetition, so that the UE can determine a PRACH preamble to be used. This is also required for the provision of PRACH preamble for other purposes (e.g., CFRA, 2-step RACH, 4-step RACH, feature combination etc.). Hence, we propose that 

Proposal 6: When a UE requests both multi-PRACH transmission and Msg3 repetition by PRACH resource, the PRACH resource for requesting both multi-PRACH transmission and Msg3 repetition should be supported. The interaction between multi-PRACH transmission and Msg3 repetition needs to be defined.

Moreover, in Fig. 1, as mentioned earlier, the case of having multi-PRACH transmission and not having Msg3 repetition would not be required to be supported. On the other hand, the case of not having multi-PRACH transmission and having Msg3 repetition needs to be supported (e.g., Case 2). A UE with support of Msg 3 repetition only should select either Case 1 or Case 2 only, but it should not select Case 3. 

[image: ]
Fig. 1. An example of interaction between multi-PRACH transmission and Msg3 repetition.

Since Rel. 17 specification, 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 number 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. 
In Case 3, when the multi-PRACH transmission is triggered, it is necessary to support lower coding rate (i.e., more repetitions and/or lower MCS index) of Msg3 PUSCH to improve achievable Msg3 PUSCH coverage performance. In particular, when the number of PRACH transmissions is determined by UE, the proper number of transmissions and/or MCS for Msg3 PUSCH can be different depending on the number of PRACH transmissions. Four repetition factors and four MCS indices are specified/designed without the operation/consideration of the multi-PRACH transmission. For the channel condition, where both the multi-PRACH transmission and Msg3 repetition are required, these configured sets for Msg 3 repetition would not be sufficient. Therefore, to adjust the number Msg3 repetitions and/or MCS depending on PRACH repetition would be necessary. It can be realized by applying a scaling factor to Rel. 17 configured set depending on the multi-PRACH transmission. 

Proposal 7: 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.

Conclusions
In this contribution, we provide our view on PRACH coverage enhancements. We made the following proposals. 
Proposal 1: Support candidate values of TimeOffsetBetweenStartingRO-r18 as below
· {16, 32} for RO groups for 8 repetitions
· {8, 16, 32} for RO groups for 4 repetitions
· {4, 8, 16, 32} for RO groups for 2 repetitions

Proposal 2: Support not to consider a time offset when determining a time period X, e.g., Step 1 is to determine the time period X, then step 2 is to apply a time offset for density control.

Proposal 3: Support a determination of a number of PRACH transmissions as follows
· For RA without PDCCH order, a UE determines a number of PRACH transmissions based on a comparison between SSB-RSRP measurement and SSB-RSRP threshold.
· For RA with PDCCH order, PDCCH can indicate either of the following.
· If a number of PRACH transmission is indicated, UE follows the indicated number of PRACH transmissions.
· UE determines a RO group based on its association with the indicated number of PRACH transmissions.
· If a number of PRACH transmission is not indicated, the same operation with RA without PDCCH order.

Proposal 4:  For the first RACH attempt, a UE determines
· Whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE’s calculated transmission power for single PRACH transmission reaches its maximum transmission power.
· If the SB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on SSB-RSRP threshold.
· If multiple PRACH transmissions are determined, the number of multiple PRACH transmissions is based on the configured SSB-RSRP threshold(s).
· Note1: If multiple PRACH transmissions are determined, the power calculation of each PRACH transmission of the multiple PRACH transmissions is a separate discussion.

Proposal 5: For multi-PRACH transmission with same Tx beam in one RACH attempt, based on the density of ROs and so on, gNB can configure either to compensate path loss or not compensate the path loss. 

Proposal 6: When a UE requests both multi-PRACH transmission and Msg3 repetition by PRACH resource, the PRACH resource for requesting both multi-PRACH transmission and Msg3 repetition should be supported. The interaction between multi-PRACH transmission and Msg3 repetition needs to be defined.

Proposal 7: 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.
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