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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In RAN1#114 meeting, most of the issues of multiple PRACH transmissions with same Tx beam have been discussed as summarized in [1], and following agreements have been achieved.
	Agreement
For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule.

Agreement
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 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:
· [bookmark: _Hlk146528399]the N-1 ROs are with the same starting RB as the starting RO.



In this contribution, we further analyse the remaining issues of supporting multiple PRACH transmissions with same Tx beam including PRACH resource configuration, repetition number determination in each PRACH re-attempt, power control and the relevant RRC parameter list.
2. Discussions
2.1 PRACH resource configuration
RO group determination based on a time offset
It has been agreed that irrespective of a time offset is provided, the starting RO of other RO groups are determined as the first valid RO after the previous RO group in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions first, then in increasing order of time resource indexes. However, the current version of TS 38.213 v18.0.0 does not capture this, as can be seen from the text excerpted below. 
	For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions


Observation 1:
· In case of a time offset is provided, the current version of TS 38.213 does not capture the agreement that the starting RO of RO groups are determined in increasing order of frequency resource indexes first, then in increasing order of time resource indexes. 
In addition, it has been agreed that for PRACH repetitions, to determine the starting RO of all the RO groups within a time period X, all the ROs mentioned are valid ROs associated with the given same SSB(s). It means that if a time offset is configured, the time offset equal to a number of valid ROs which are associated with the same SSB(s). However, as discussed in RAN1 #114 and earlier meetings, different SSB to RO mapping results will occur if the number of SSBs, msg1-FDM and ssb-perRACH-OccasionAndCB-PreamblesPerSSB take different values. For convenience, the number of SSBs, the number of FDMed ROs and the number of SSBs associated with one RO are separately denoted as  and . It’s possible that the preamble IDs associated to same SSB in different ROs are different, i.e. when  or 1/( is not an integer value. For example, configure , and  as shown in Fig 1. If a time offset is configured, it is not clearly defined that whether the ROs which are associated with the same SSB but with different preamble IDs corresponding to the same SSB can be counted, which will make confusion for RO group determination. 
[image: ]
Fig. 1. Illustration of SSB to RO mapping results when   is not an integer value 
Observation 2:
· In case of a time offset is provided, whether the ROs which are associated with the same SSB(s) but with different preamble IDs corresponding to the same SSB can be counted in the time offset is not clear.
In order to deal with the problem as discussed above, one simple way is that if a time offset is configured, the preamble IDs which are associated with the same SSB in different ROs should be configured as the same, i.e.  or 1/( should be configured as an integer value. In other words, if a time offset is configured but  or 1/( is not an integer value, the RO groups determination should follow the rule of not configuring a time offset. 
Another option is that when the preamble IDs associated with the same SSB in different ROs are different, the ROs can be classified into different types based on the preamble IDs which are associated with the same SSB, where the preamble IDs in each type are the same. Then the RO group determination can be performed in each type of ROs and the time offset only counts ROs in the same type. For example, as shown in Fig. 2, for SSB#0, the ROs can be classified into 3 types which are filled with different colours based on the associated preamble IDs in different ROs. Assuming the time offset is configured as 3 and the repetition number is 2, then RO groups can be separately determined in different types of ROs. 
[image: ]
Fig. 2. Illustration of RO group determination in different types of ROs associated with same SSB
Therefore, we have following proposal.
Proposal 1:
· If a time offset is configured and the preamble IDs which are associated with the same SSB are different in different ROs, the following options can be considered for down-selection for RO group determination:
· Option 1: The SSB to RO mapping configuration is expected to have   or  as an integer value, where  is the number of SSBs per RO and  is the total number of SSBs actually transmitted.
· Option 2: For the selected SSB, the ROs can be classified into different types based on the preamble IDs which are associated with the same SSB, then the RO group determination can be performed in each type of ROs and the time offset only counts RO in the same type.
To address the issues identified in above observations and proposal, TP #1 is provided in Table 1, wherein option 2 in proposal 1 is assumed since it has no SSB to RO mapping configuration restrictions on network configuration. 
Proposal 2: 
· Apply TP #1 in Table 1 to capture the agreement about the RO group ordering and clarify how to count the time offset if the preamble IDs which are associated with the same SSB are different in different ROs.
Table 1. TP #1 to 3GPP TS 38.213 v18.0.0 for capturing RO group ordering if a time offset is provided
	Reason for change：
If a time offset is provided, 
· the RO group ordering is not captured in current spec.
· when preamble IDs which are associated with the same SSB are different in different ROs, how to count the time offset is not addressed by current spec.
Summary of change:
The starting RO of RO groups are determined in increasing order of frequency resource indexes first, then in increasing order of time resource indexes. The time offset counts ROs that are associated with the same SSB and have the same preambles IDs associated with the SSB.
Consequences if not approved:
If a time offset is configured, the network and UE may have different understandings of the RO groups determination rule which will lead to different RO group ordering and determination results.
<----------------------------------------------------------- Start of TP ------------------------------------------------------------->
8.1	Random access preamble
<-------------------------------- unchanged text omitted ------------------------------->
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, the TimeOffsetBetweenStartingRO is a number of valid PRACH occasions that are associated with the SSB and have the same preambles associated with the SSB. for each frequency resource index for frequency multiplexed PRACH occasions, 
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion in the PRACH occasions where the preambles associated with the SSB are the same.
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the PRACH occasions determined for the previous  preamble repetitions according to an ordering of valid PRACH occasions
-  first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-  second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
[bookmark: _Hlk144760579]-   and for the same frequency resource index for multiplexed PRACH occasions, the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions.
<-------------------------------- unchanged text omitted ------------------------------->



RO group determination based on PRACH mask
In RAN2 #121bis-e and RAN2 #122 meeting, following agreements regarding PRACH repetition have been achieved. 
	Agreements
RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases.

Agreements
Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g. we should not use all the spare values in the current IE).


In Rel-17 framework of feature combination and CFRA, a PRACH mask index may be configured to indicate a subset of ROs for the PRACH transmission where the ROs are associated with the selected SS/PBCH block index, as following text excerpted from TS 38.213. In can be seen that the indicated RO(s) by PRACH mask index is reset per SSB to RO mapping cycle, and UE selects only one RO in the first available mapping cycle to transmit PRACH. When PRACH repetition is enabled, UE needs to select a RO group which consists of multiple ROs to perform multiple PRACH transmissions. Therefore, how to determine RO group(s) when PRACH mask index is indicated in PRACH repetition should be studied.
	For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. 


Proposal 3: 
· RO group(s) determination if PRACH mask index is indicated in PRACH repetition should be studied.
According to the agreement regarding RO group determination made in RAN1#114, the remaining ROs in one RO group are with increasing order of time resource indexes and with the same starting RB as the starting RO. Therefore, to support PRACH repetition when PRACH mask index is indicated, one simple way is that the RO(s) indicated by PRACH mask index are allowed to be considered as starting RO(s), then remaining ROs in RO group(s) are determined based on the starting RO(s). As illustrated in Fig. 3(a), assuming that the number of SSBs is 2 and the indicated PRACH mask index is 1. According to TS 38.321, it means that first RO of the ROs associated with the same SSB in one mapping cycle can be used, that is, RO#1 associated with SSB#0 and RO#3 associated with SSB#1 can be selected. Then RO#1 and RO#3 are allowed to be considered as starting ROs, and RO groups are determined based on RO#1 and RO#3. 
Another way to determine RO groups when PRACH mask index is indicated is that all the RO groups within a time period X are determined firstly, then RO groups which consists of the RO(s) indicated by PRACH mask index are considered as available RO groups. UE selects one RO group in the available RO groups for PRACH repetition. For example, assuming that the PRACH mask index indicates 1, the available RO groups which can be selected by UE can be determined as illustrated in Fig. 3(b).
[image: ]
(a) The RO(s) indicated by PRACH mask index are allowed to be considered as starting RO(s)
[image: ]
(b) UE selects available RO group which consists of the indicated RO(s)
Fig. 3. RO group determination when PRACH mask index is indicated
It should be noted that when a subset of ROs is indicated by PRACH mask index, this also means that the remaining ROs are not available for UE. As discussed in subsection 2.1.1, different SSB to RO mapping results will occur if the number of SSBs, msg1-FDM and ssb-perRACH-OccasionAndCB-PreamblesPerSSB take different values. It is possible that there are some ROs which are associated with the same SSB in one SSB to RO mapping cycle are in same frequency location. For example, configure , and  as shown in Fig 4. As the remaining ROs in one RO group are with increasing order of time resource indexes and with the same starting RB as the starting RO according to existing agreements, the determined RO group may contain unavailable ROs which is determined by PRACH mask index. For example, if the PRACH mask index indicates 1, then only the first RO is available and the remaining 3 ROs can not be used by UE in Fig. 4. 
[image: ]
Fig. 4. RO groups may contain unavailable ROs if PRACH mask index is indicated
Observation 3:
· Some RO(s) determined based on PRACH mask index may be not available for PRACH transmission, which has impacts on RO group determination for PRACH repetitions.
In order to deal with this, one method is that when there are unavailable RO(s) in the determined RO group in case of a PRACH mask index is indicated, the determined RO group is considered as invalid or UE only be allowed to transmit PRACH on the available ROs. Alternatively, considering that it will degrade the performance of PRACH repetition if UE can not transmit PRACH on the unavailable ROs, UE is allowed to transmit PRACH on the unavailable RO(s). 
Based on above discussions, we have the following proposals.
Proposal 4:
· For PRACH repetitions with indication of PRACH mask index, the following options can be selected for RO group determination:
· Option 1 (Mask first, grouping second): PRACH occasions indicated by PRACH mask index value for the same SS/PBCH block index can be allowed to be selected as starting ROs of RO groups, then RO group(s) can be determined based on the starting RO(s).
· Option 2 (Grouping first, mask second): All the RO groups within a time period X are determined first, then RO groups which consist of the RO(s) indicated by PRACH mask index are considered as available RO groups. 
Proposal 5:
· If there are unavailable RO(s) in the determined RO group when a PRACH mask index is indicated, the following options can be considered:
· Option 1: The RO group is considered as invalid;
· Option 2: UE is only allowed to transmit PRACH repetition on the available RO(s).
· Option 3: UE is allowed to transmit PRACH repetition on the unavailable RO(s). 
To address the issues identified in above observation and proposals, a TP #2 is provided in Table 2.
Proposal 6: 
· Apply TP #2 in Table 2 to support RO group determination if PRACH mask index is indicated.

Table 2. TP #2 to 3GPP TS 38.213 v18.0.0 for capturing RO group determination if PRACH mask index is indicated
	Reason for change：
RO group determination when PRACH mask index is indicated is not cleared.
There may be unavailable ROs based on the indication of PRACH mask index in the determined RO group.
Summary of change:
The RO(s) indicated by PRACH mask index is allowed to be considered as starting RO(s) to determine RO group(s), and UE is not allowed to transmit PRACH on the unavailable RO(s) if there are unavailable RO(s) in the determined RO group.
Consequences if not approved:
Multiple PRACH transmissions can not be performed by UE in case of PRACH mask index is indicated.
<----------------------------------------------------------- Start of TP ------------------------------------------------------------->
[bookmark: _Ref491452917][bookmark: _Toc12021462][bookmark: _Toc20311574][bookmark: _Toc26719399][bookmark: _Toc29894830][bookmark: _Toc29899129][bookmark: _Toc29899547][bookmark: _Toc29917284][bookmark: _Toc36498158][bookmark: _Toc45699184][bookmark: _Toc145664289]8.1	Random access preamble
<-------------------------------- unchanged text omitted ------------------------------->
For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. 
For a PRACH transmission with  preamble repetitions, the UE selects the PRACH occasion(s) indicated by PRACH mask index value for the indicated SS/PBCH block index as the first valid PRACH occasion(s). In the PRACH occasion(s) other than the PRACH occasion(s) which is indicated by PRACH mask index in the determined PRACH occasions for a PRACH transmission with  preamble repetitions, the UE does not transmit PRACH preamble.
<-------------------------------- unchanged text omitted ------------------------------->



Collision handling
It has been agreed that if one or more PRACH transmission(s) of the multiple PRACH transmissions in one PRACH attempt are dropped based on existing dropping rules of PRACH transmission(s), the dropped PRACH transmission(s) is not postponed. Whether to introduce new rules of dropping PRACH transmission is still FFS. Up to NR Rel-17, Msg A PUSCH occasion validation in 2-step RACH is defined as following text excerpted from TS 38.213. As can be seen, PRACH transmission is prioritized over MsgA PUSCH transmission when the PUSCH occasion collides with a PRACH occasion.
	A PUSCH occasion is valid if it does not overlap in time and frequency with any valid PRACH occasion associated with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	does not precede a SS/PBCH block in the PUSCH slot, and 
-	starts at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].
-	if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	is within UL symbols, or 
-	does not precede a SS/PBCH block in the PUSCH slot, and 
-	starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].


One issue is whether PRACH repetition or Msg A PUSCH should be prioritized over the other channel when both PRACH repetition on separate ROs and 2-step RACH are configured in one serving cell. As is known, UEs that do not support PRACH repetition would not see the ROs separately configured for PRACH repetition. Therefore, when there’s a collision between RO for PRACH repetition and MsgA PUSCH occasion, MsgA PUSCH occasion should be prioritized.
Proposal 7: 
· PRACH repetition in separate RO is not transmitted when the separate RO collides with MsgA PUSCH.
2.2 Repetition number determination in RACH re-attempt
In RAN1 #111 meeting, following agreement has been made for repetition number determination in first RACH attempt. 
	Agreement
· 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.


In RAN2#121bis-e and RAN2#123 meeting, following agreements about repetition number determination after first PRACH attempt have been achieved. 
	Agreement(Made in RAN2#121bis-e)
· RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fallback scenarios are FFS
Agreement(Made in RAN2#123)
· Regarding the framework for Msg1 repetition and whether to support fallback from lower number to higher number, Fallback is supported. All repetitions are treated as a single feature, but within the feature, different repetition numbers are treated as different RACH type.
· UE selects higher repetition number upon Msg1 retransmission when the number of Msg1 retransmission reaches a configured value. FFS whether we need to also check DL RSRP at the time of switching (can ask RAN1) discuss as part of offline 801.
· Introduce a RRC configured threshold (e.g. TransMax-Msg1RepNum), the field is used for deciding whether to trigger fallback from with lower number to higher number when the number of Msg1 transmission exceeds this threshold. This parameter is common for different repetition numbers configured in one RACH partition.


According to above agreements, if one or multiple values for the number of multiple PRACH transmissions are configured by gNB, UE determines whether PRACH should be repeated and the repetition number based on the measured RSRP of the downlink pathloss reference for the first RACH attempt. In addition, UE can increase PRACH repetition number if the number of failed RACH attempts with same lower PRACH repetition number exceeds a configured threshold, but whether DL RSRP needs to be checked at the time of switching is still FFS. If DL RSRP is checked at the time of switching, the number of PRACH repetitions determined by DL RSRP may be different from the higher number which UE should switch to. For example, assuming that the number of RACH attempts with PRACH repetition number 2 has been failed and reached the configured threshold TransMax-Msg1RepNum, UE should increase the number of PRACH repetitions to 4, but the number determined by measured RSRP result may still be 2. In order to reduce complexity and minimize the specification impact, it is preferred to not check DL RSRP to determine whether UE should switch the number of PRACH repetitions.
Proposal 8: 
· When the number of Msg1 retransmission reaches a configured value (e.g. TransMax-Msg1RepNum), UE switches the number of PRACH repetitions to a higher number which is configured by network without checking of DL RSRP.
2.3 Power control
In RAN2#123 meeting, following agreements about the transmission power of PRACH have been achieved. This means that preambleReceiveTargetPower and powerRampingStep should be configured per PRACH partition. Therefore, the RRC parameter list should be updated.
	Agreement
· For a RACH partition associated with multiple Msg1 repetition numbers, the parameters defined in RACH-ConfigGeneric IE (except preambleReceiveTargetPower and powerRampingStep) are common for those repetition numbers. This will reuse existing IE. We will allow different ROs to be used for different repetitions in the signalling. If this complicates the RRC with option 2.2 too much we can revisit that agreement.
· UE does not reset counters: PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER upon fallback from lower number to higher number.


Observation 4:
· The parameters including preambleReceiveTargetPower and powerRampingStep would be separately configured for different number of PRACH repetitions.
In RAN1#112 meeting, it has been agreed that for multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt, but whether the transmission power between multiple PRACH transmissions is same or not has not been determined. Considering that PRACH repetition number is determined based on RSRP measured by UE before the first PRACH transmission, the pathloss should also be estimated before the first PRACH transmission and applied for power determination of all PRACH repetitions to ensure same transmission power for multiple PRACH transmissions within one RACH attempt.
Based on above, we have the following proposal.
Proposal 9: 
· The pathloss should be estimated before the first PRACH transmission and applied for power determination of all PRACH repetitions within one RACH attempt.
2.4 Potential RRC parameter list
Based on the discussions and agreements made in previous meetings on the RRC parameters for Rel-18 work items [2], at least following list of updated RRC parameters provided in Table 3 can be applied for supporting multiple PRACH transmissions with same TX beam.
Proposal 10:
· Support the list of updated RRC parameters for supporting multiple PRACH transmissions with same TX beam according to Table 3.
Table 3. RRC parameter list for supporting multiple PRACH transmissions with same TX beam
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)

	PRACH repetition with same TX beam
	FeatureCombination
	msg1Repetition-r18
	New
	If present, this parameter indicates msg1Repetition-r18 is part of this feature combination.
	{true}
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	numberOfMsg1-Repetitions-r18 
	New
	This parameter indicates the number of Msg1 repetitions. 
	{2, 4, 8}
	Per partition

	PRACH repetition with same TX beam 
	FeatureCombinationPreambles
	rsrp-ThresholdSSBMsg1
	New
	This parameter indicates the RSRP threshold for performing Msg1 repetitions associated with the number of Msg1 repetitions indicated by corresponding numberOfMsg1-Repetitions-r18.
	RSRP-Range
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	TimeOffsetBetweenStartingRO-r18
	New
	If this parameter is configured for a given number of N multiple PRACH transmissions, it is used to configure the time offset of the starting ROs between two successive RO groups for each frequency resource index within a time period X.
If this parameter is not configured for a given number of N multiple PRACH transmissions, the starting RO of RO groups are implicitly determined according to TS 38.213.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	preambleInitialReceivedTargetPower
	New
	This parameter indicates the target power level at the network receiver side.
	INTEGER (-202..-60),
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	powerRampingStep
	New
	This parameter indicates the power ramping step for Msg1 repetitions.
	ENUMERATED {dB0, dB2, dB4, dB6}
	Per partition

	PRACH repetition with same TX beam
	SIB1
	featurePriorities-r18
	New
	This parameter indicates priorities for features of Msg1 repetitions.
	FFS
	Per cell



3. Conclusion
In this contribution, we discuss the potential enhancements needed to support PRACH repetition. Based on the discussions, we have following observations and proposals:
Observation 1:
· In case of a time offset is provided, the current version of TS 38.213 does not capture the agreement that the starting RO of RO groups are determined in increasing order of frequency resource indexes first, then in increasing order of time resource indexes. 
Observation 2:
· In case of a time offset is provided, whether the ROs which are associated with the same SSB(s) but with different preamble IDs corresponding to the same SSB can be counted in the time offset is not clear.
Observation 3:
· Some RO(s) determined based on PRACH mask index may be not available for PRACH transmission, which has impacts on RO group determination for PRACH repetitions.
Observation 4:
· The parameters including preambleReceiveTargetPower and powerRampingStep would be separately configured for different number of PRACH repetitions.
Proposal 1:
· If a time offset is configured and the preamble IDs which are associated with the same SSB are different in different ROs, the following options can be considered for down-selection for RO group determination:
· Option 1: The SSB to RO mapping configuration is expected to have   or  as an integer value, where  is the number of SSBs per RO and   is the total number of SSBs actually transmitted.
· Option 2: For the selected SSB, the ROs can be classified into different types based on the preamble IDs which are associated with the same SSB, then the RO group determination can be performed in each type of ROs and the time offset only counts RO in the same type.
Proposal 2: 
· Apply TP #1 in Table 1 to capture the agreement about the RO group ordering and clarify how to count the time offset if the preamble IDs which are associated with the same SSB are different in different ROs.
Proposal 3:
· RO group(s) determination if PRACH mask index is indicated in PRACH repetition should be studied.
Proposal 4:
· For PRACH repetitions with indication of PRACH mask index, the following options can be selected for RO group determination:
· Option 1 (Mask first, grouping second): PRACH occasions indicated by PRACH mask index value for the same SS/PBCH block index can be allowed to be selected as starting ROs of RO groups, then RO group(s) can be determined based on the starting RO(s).
· Option 2 (Grouping first, mask second): All the RO groups within a time period X are determined first, then RO groups which consist of the RO(s) indicated by PRACH mask index are considered as available RO groups. 
Proposal 5:
· If there are unavailable RO(s) in the determined RO group when a PRACH mask index is indicated, the following options can be considered:
· Option 1: The RO group is considered as invalid;
· Option 2: UE is only allowed to transmit PRACH repetition on the available RO(s).
· Option 3: UE is allowed to transmit PRACH repetition on the unavailable RO(s).
Proposal 6:
· Apply TP #2 in Table 2 to support RO group determination if PRACH mask index is indicated.
Proposal 7:
· PRACH repetition in separate RO is not transmitted when the separate RO collides with MsgA PUSCH.
Proposal 8:
· When the number of Msg1 retransmission reaches a configured value (e.g. TransMax-Msg1RepNum), UE switches the number of PRACH repetitions to a higher number which is configured by network without checking DL RSRP.
Proposal 9:
· The pathloss should be estimated before the first PRACH transmission and applied for power determination of all PRACH repetitions within one RACH attempt.
Proposal 10:
· Support the list of updated RRC parameters for supporting multiple PRACH transmissions with same TX beam according to Table 3.
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