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1. [bookmark: _Ref5850594]Introduction
In RAN1 meeting #114, the following was agreed for PRACH repetition:

Agreement
For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule.

Agreement
[bookmark: _Hlk146602719]For a given number of N multiple PRACH transmissions, all the RO groups within a time period X are determined as follows:
· Firstly, the starting RO of the first RO group is determined, then its remaining ROs are determined. Next, the starting RO of other RO groups and its remaining ROs are determined sequentially. 
· the starting RO is determined as follows (down select only one of the Alt.):
Alt.1 (w/o density control)
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
Alt.2 (w/ density control)
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then Alt.1 Applies.
· It is not expected to have overlapping RO between any two RO groups for the given number of N multiple PRACH transmissions.
· the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and (down select only one of the Alt.) 
· Alt. 1 (the starting RB of ROs within a RO group is the same) the N-1 ROs are with the same starting RB as the starting RO.
· Alt. 2 (the starting RB of ROs within a RO group can be different) the N-1 ROs are with the lowest frequency resource index in corresponding time instance.
· Alt. 3 (the starting RB of within a RO group can be different and a frequency offset is configured) the N-1 ROs are determined based on a configured frequency offset.
· Alt. 4 (the starting RB of ROs within a RO group can be different), the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs associated with the same SSB in corresponding time instances.
Agreement
Add the following notes to the above agreement:
Note1: “the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.” is illustrated as in the following figure (N=2, for ROs associated with SSB#0). This works for both Alt.1 and Alt.2 for the starting RO determination.
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Note2: all the ROs mentioned in the agreement are valid ROs associated with the given same SSB(s) and all the RO groups mentioned in the agreement are RO groups consisting of valid ROs associated with the given same SSB(s).
Note3:  of an RO, frequency resource index of an RO, and the starting RB of an RO indicate the same meaning, i.e., locate in the same frequency position.

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)



Agreement
For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO groups within a time period X:
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then 
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.

Agreement
For a given number of N multiple PRACH transmissions, the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO:
· the N-1 ROs are with the same starting RB as the starting RO.

Agreement
For the number of SSB-to-RO association pattern periods K within the time period X,
· For multiple PRACH transmissions with different numbers, support 
One common K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.

Agreement
For a given number of N multiple PRACH transmissions, the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, to determine the remaining N-1 ROs:
· the N-1 ROs are with the same starting RB as the starting RO.

In this document, we present our views related to remaining issues for PRACH repetition and its specification impacts.


2. Criteria for using PRACH repetition and its interaction with Msg3 repetition request
In this section, we consider criteria for using PRACH repetition by UE, the associated PRACH preambles, and the interaction of PRACH repetition with Msg3 repetition request (which was introduced in R17). 

Criteria for using PRACH repetition
Similar to Msg3 repetition request, it is important to have criteria for using PRACH repetition, to avoid excessive usage of this option by UEs (which can result in excessive congestion of resources). Because the need for PRACH repetition is linked to the coverage situation of the UE, some criteria similar to what was used for Msg3 repetition request (i.e. based on a configured threshold on SS-RSRP) can be useful for triggering PRACH repetition, as agreed in RAN1 meeting #111. The criteria can be also dependent on UE power class because the final reception power of PRACH is dependent both on the path loss (which is related to SS-RSRP) and the UL Tx power. Also, it is better to have more relaxed criteria in case of previous failed attempt of PRACH.
[bookmark: _Hlk115418184][bookmark: _Hlk142382734]Proposal 1: UE should use PRACH repetition based on criteria that depends on the SSB-based RSRP and the following parameters:
· [bookmark: _Hlk127447015]UE power class ​
· Prior failed attempts of PRACH
· FFS: linkage to the criteria for Msg3 repetition request
Another issue is whether UE can select among multiple PRACH repetition numbers, or only one repetition number is used. Using multiple options for PRACH repetition number allows UE to better adapt PRACH repetition to its conditions and avoid excessive usage of PRACH resources (by unnecessarily using a large repetition number because of having only one option). In the RAN1 meeting #112, it was agreed that multiple values can be configured for PRACH repetition number. 
Proposal 2: Support selection of PRACH repetition number by UE (among a set of preconfigured or predefined repetition numbers) based on at least SBB-based RSRP
· Dependence to prior failed attempts of PRACH should be considered.
· FFS: dependence on UE power class ​
Explicit configuration of all the repetition numbers and their associated selection criteria requires considerable addition to the payload of SIB1. Similar to what was used for configuration of Msg3repetition parameters, it is useful to have a default option for PRACH repetition numbers and simple default criteria for their selection. These default settings can be used when the associated configuration is missing in SIB1. For the default criteria of using PRACH repetition, a natural choice is a default option linked to the criteria for requesting Msg3 repetition (e.g. the same SS-RSRP threshold or modified by an offset). The reason is that the coverage issues for Msg3 can be linked to coverage issues for PRACH, with potentially an offset because of their link budget difference.
Proposal 3: Support a default option for the criteria of PRACH repetition, based on Msg3 repetition criteria.
[bookmark: _Hlk134604965][bookmark: _Hlk141777019] Proposal 4: Support a default option for the set of PRACH repetition numbers.
· FFS: dependence of the default set of PRACH repetition numbers to other system information, e.g. whether the network is non-terrestrial or terrestrial
Another issue is how the repetition number and criteria for its selection should be modified after each failed PRACH attempt. Similar to power ramping of regular PRACH after each failed attempt, it is reasonable for UE to use larger PRACH repetition numbers or relax the criteria for using PRACH repetition, after failed PRACH attempts. 
Proposal 5: Support a mechanism for modifying the PRACH repetition number or criteria of its selection after each failed PRACH attempt.
· The mechanism for modifying PRACH repetition number or its selection criteria should include a default option, without necessity of additional explicit SIB1 configurations. 

Interaction of PRACH repetition with Msg3 repetition request 
Because both Msg3 repetition request and PRACH repetition are expected to be for UEs with similar condition (i.e. needing coverage enhancement for UL RACH messages), usage of PRACH repetition by UE may be considered as an indication of Msg3 repetition request too. This approach can make PRACH resource usage more efficient (by avoiding excessive partitioning).
[bookmark: _Hlk131676822]Proposal 6: Support combination of PRACH resources (and/or RACH occasions) and PRACH repetition to indicate the Msg3 repetition request by UE​.
· e.g. Support the option that PRACH repetition can automatically indicate Msg3 repetition request (irrespective of PRACH resource)

3. Conclusions
In this paper, we discussed different aspects related to PRACH repetition, and made the following proposals:
Proposal 1: UE should use PRACH repetition based on criteria that depends on the SSB-based RSRP and the following parameters:
· UE power class ​
· Prior failed attempts of PRACH
· FFS: linkage to the criteria for Msg3 repetition request
Proposal 2: Support selection of PRACH repetition number by UE (among a set of preconfigured or predefined repetition numbers) based on at least SBB-based RSRP
· Dependence to prior failed attempts of PRACH should be considered.
· FFS: dependence on UE power class ​
Proposal 3: Support a default option for the criteria of PRACH repetition, based on Msg3 repetition criteria.
 Proposal 4: Support a default option for the set of PRACH repetition numbers.
· FFS: dependence of the default set of PRACH repetition numbers to other system information, e.g. whether the network is non-terrestrial or terrestrial
Proposal 5: Support a mechanism for modifying the PRACH repetition number or criteria of its selection after each failed PRACH attempt.
· The mechanism for modifying PRACH repetition number or its selection criteria should include a default option, without necessity of additional explicit SIB1 configurations. 
Proposal 6: Support combination of PRACH resources (and/or RACH occasions) and PRACH repetition to indicate the Msg3 repetition request by UE​.
· e.g. Support the option that PRACH repetition can automatically indicate Msg3 repetition request (irrespective of PRACH resource)
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