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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In RAN1#113 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
A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X.
· The time period X is K SSB-to-RO association pattern periods.
· Note: Whether/how to introduce SSB-to-RO group mapping
· FFS: K is configured by the network or determined based on some rule.
Conclusion
If multiple values for the number of multiple PRACH transmissions are configured, support both options to differentiate between multiple PRACH transmissions with different numbers.
· Option 1: Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
· Option 2: Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated between multiple PRACH transmissions with different numbers.
Agreement
If one or more PRACH transmission(s) of the multiple PRACH transmissions in one PRACH attempt are dropped based on the rules causing to drop PRACH transmission(s) in existing spec., the dropped PRACH transmission(s) is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group.
Agreement
RA-RNTI is calculated based on the last valid RO in the RO group corresponding to the multiple PRACH transmissions. 
Note 1: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note 2: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.
Conclusion
There is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18.
Agreement
For RO group determination for multiple PRACH transmissions, following parameters are considered.
· The candidate number of multiple PRACH transmissions, e.g. {2,4,8}, is/are explicitly configured.
· The number of ROs within one RO group can be implicitly determined accordingly.
· Default value(s) is/are not precluded
· The number of SSB-to-RO association pattern periods K within the time period X, down select from the following options.
· Option 1: K is explicitly configured.
· Option 2: K is implicitly determined
· Option 3: K is a fixed value for all number of multiple PRACH transmissions.
· Determination of starting RO for each RO group for each value of the number of multiple PRACH transmissions, down select from the following options.
· Option 1: Index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated. 
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: whether only the starting RO of the first RO group is explicitly indicated, and the starting ROs of the other RO groups are implicitly determined.
· FFS: other ROs for each RO group
· Option 2: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.
· FFS: other ROs for each RO group
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: The frequency hopping offset, if frequency hopping is supported.
· FFS: RO group specific preamble if multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs
· FFS: Time span of the RO group
· All other legacy parameters for single PRACH transmission can be reused, if applicable.
Agreement
· For multiple PRACH transmissions with separate preamble on shared ROs, reuse legacy SSB to RO mapping rule, and only the ROs mapped to SSBs for single PRACH transmission can be used for multiple PRACH transmissions.
Agreement
· For multiple PRACH transmissions on separate ROs, down-select one of the following options:
· Option 1: SSB-to-RO group mapping is introduced.
· Option 2: Reuse legacy SSB to RO mapping rule


In this contribution, we further analyse the details of multiple PRACH transmissions with same Tx beam including PRACH resource configuration, repetition number determination in each PRACH re-attempt, power control, PRACH repetition in CFRA and potential RRC parameter list.
2. Discussions
2.1 PRACH resource configuration
SSB to RO mapping
It has been agreed that for multiple PRACH transmissions with separate preambles on shared ROs, legacy SSB to RO mapping rule will be applied and only the ROs and preambles mapped to the same SSB can be used for the repetition of each PRACH transmission. 
Considering the limited TU left and implementation complexity, a unified SSB to RO mapping rule, i.e. the legacy SSB to RO mapping rule is preferred for multiple PRACH transmissions on separate ROs. And RO grouping would be performed after SSB to RO mapping.
[bookmark: _Hlk135057898]Proposal 1:
· For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule and RO group should be determined after SSB to RO mapping. 
RO group determination
In RAN2#121bis-e meeting, following agreement about multiple PRACH transmissions has been achieved. 
	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)


Based on above RAN2’s agreement, we have following observation:
Observation 1:
· The PRACH resources for multiple PRACH transmissions with different repetition numbers are separately configured as different features.
It has been agreed that a set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X which consists of K SSB-to-RO association pattern periods, and the determined/configured set of RO groups repeats every time period X. According to RAN2 agreement, RO groups corresponding to multiple PRACH transmissions with different repetition numbers are determined separately. Therefore, it is reasonable that the K is configured separately for multiple PRACH transmissions with different repetition numbers. In the K SSB-to-RO association pattern periods, for all SSBs, there should be one or more RO groups corresponding to the number of multiple PRACH transmissions. 
[bookmark: _Hlk135057947]Proposal 2: 
· The value of K should be separately configured by network for multiple PRACH transmissions with different repetition numbers.
The SSB to RO mapping rules defined for legacy 4-step RACH are excerpted from TS 38.213 as following text. As can be seen, a UE is provided with a number  of SS/PBCH block indexes associated with one PRACH occasion, i.e. one SSB is associated with  consecutive FDMed ROs. SSBs provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to valid ROs in frequency resource indexes first and then in time domain.
	For Type-1 random access procedure, a UE is provided a number  of SS/PBCH block indexes associated with one PRACH occasion and a number  of contention based preambles per SS/PBCH block index per valid PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB.
For Type-1 random access procedure, or for Type-2 random access procedure with separate configuration of PRACH occasions from Type 1 random access procedure, if , one SS/PBCH block index is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block index per valid PRACH occasion start from preamble index 0. If ,  contention based preambles with consecutive indexes associated with SS/PBCH block index , , per valid PRACH occasion start from preamble index  where  is provided by totalNumberOfRA-Preambles for Type-1 random access procedure, or by msgA-TotalNumberOfRA-Preambles for Type-2 random access procedure with separate configuration of PRACH occasions from a Type 1 random access procedure, and is an integer multiple of . 
SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to valid PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots


Observation 2:
· With legacy SSB to RO mapping rules, the SSB to RO mapping result is determined by the number of SSBs (ssb-PositionsInBurst), the number of FDMed ROs (msg1-FDM) and the number of SSBs associated with one RO (ssb-perRACH-OccasionAndCB-PreamblesPerSSB).
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 . 
As discussed in RAN1 #113 and earlier meetings, it’s also possible that the number of ROs mapped to all SSBs may be not an integer value, i.e.  is not an integer value. For example, configure , and  as shown in Fig 1(a), or configure , and  as shown in Fig 1(b), then the preamble IDs associated to same SSBs in different ROs may be different. For simple SSB to RO mapping, this should be avoided according to following conclusion. 
	Conclusion
There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.
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(a) #SSBs = 3, #ROs-FDMed = 2, #SSBsPerRO = 4
[image: ]
(b) #SSBs = 3, #ROs-FDMed = 2, #SSBsPerRO = 2
Fig. 1. Illustration of SSB to RO mapping results when   is not an integer value 
Therefore, we have following proposal.
Proposal 3:
· For multiple PRACH transmissions with same TX beam, the SSB to RO mapping configuration is expected to have   as an integer value, where  is the number of SSBs per RO and   is the total number of SSBs actually transmitted. 
For the case when   is an integer value, there could be 3 cases.
· Case 1:,
· Both the number of FDMed ROs and the frequency domain location of ROs associated with same SSB between different time instances are the same.  For example, as shown in Fig 2(a), the number of SSBs is 4 and configure ‘msg1-FDM = 4’  and ‘ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 1/2 for number of SSBs per RO’. 
· Case 2: , 
· The frequency domain location of ROs associated with the same SSB would be different at least at some time instances, as shown in Fig 2(b), where ‘msg1-FDM = 4’  and ‘ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 1/2’ are still configured but the number of SSBs is 3.  
· Case 3: , 
· Not only the number of FDMed ROs but also the frequency domain location of ROs associated with the same SSB at different time instances may be different. For example, the number of SSBs is assumed to be 3 and configure ‘msg1-FDM = 8’  and ‘ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 1/2’, as shown in Fig 2(c). 
[image: ]
(a) #SSBs = 4, #ROs-FDMed = 4, #SSBsPerRO = 1/2
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(b) #SSBs = 3, #ROs-FDMed = 4, #SSBsPerRO = 1/2
[image: ]
(c) #SSBs = 3, #ROs-FDMed = 8, #SSBsPerRO = 1/2
Fig. 2. Illustration of SSB to RO mapping results when   is an integer value
Based on the discussions above, we have following observation:
Observation 3:
· With legacy SSB to RO mapping rules, three types of SSB to RO mapping results may occur when  is an integer value:
· [bookmark: _Hlk142054251][bookmark: _Hlk142054395]Case 1: Both the number of FDMed ROs and the frequency domain location of ROs associated with same SSB are the same at different time instances, which can be denoted as ,
· Case 2: The number of FDMed ROs associated with same SSB between different time instances are the same, while the frequency domain location of ROs associated with same SSB are different at least at some time instances, which can be denoted as ,
· Case 3: Both the number of FDMed ROs and the frequency domain location of ROs associated with same SSB are different at least at some time instances, which can be denoted as .
It has been agreed that the number of valid ROs in one RO group is equal to the configured number(s) of multiple PRACH transmissions and there is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18. Therefore, it is reasonable that the determination of RO group should consist of two steps. First, the time instances of ROs associated with same SSB in one RO group can be determined where the number of time instances is equal to the number of multiple PRACH transmissions. Then the frequency domain location in every time instance can be determined. In addition, as discussed above, the number of FDMed ROs and the RO indexs associated with the same SSB in different time instances may be different, which depends on the configuration of ssb-PositionsInBurst, msg1-FDM and ssb-perRACH-OccasionAndCB-PreamblesPerSSB, as shown in Fig 1(b) and Fig 1(c). Therefore, the determination of time instances and frequency domain locations of ROs in one RO group should take SSB to RO mapping result into account. 
Proposal 4:
· The determination of ROs in each RO group shoud be in time domain first and then in frequency domain.
Proposal 5:
· The determination of time instances and frequency domain locations of ROs in one RO group should depend on SSB to RO mapping result. 
In the following, some views of RO group determination methods are given considering the different SSB to RO mapping cases as discussed above.
For case 1, both the number of FDMed ROs and the frequency domain location of ROs associated with same SSB are the same at different time instances. One method to determine RO group is that the ROs which are associated with same SSB in consecutive time instances with same index value in frequency domain are determined as one RO group. For example, as shown in Fig 3, in every two consecutive time instances, every 2 ROs with same RO index in frequency domain can be determined as one RO group. 
[bookmark: OLE_LINK11][image: ]
Fig. 3. RO group determination in case 1
For case 2, the number of FDMed ROs associated with same SSB between different time instances are the same, while the frequency domain location of ROs associated with same SSB are different at least at some time instances. As is known, the FDMed ROs in each time instance are indexed in increasing order of frequency location in existing spec. It means that the RO indexs corresponding to same SSB may be different at some time instances in case 2, which is not convenient to determine RO groups. Therefore, one method is that relative to the RO index defined in existing spec., the FDMed ROs which are associated with the same SSB in each time instance are further ordered and numbered with new frequency indexes in increasing of frequency location. Then in every consecutive  time instances, valid ROs associated with same SSB and have same new frequency index which is additionally defined can be determined as one RO group, where  is the number of multiple PRACH transmissions. As shown in Fig.4, the ROs filled with same color can be determined as RO groups corresponding to SSB#0.
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Fig. 4. RO group determination in case 2
For case 3, both the number of FDMed ROs and the frequency domain location of ROs associated with same SSB are different at least at some time instances. In this case, one method is that the time instances can be classified into different types based on the number of FDMed ROs which are associated with same SSB, then the RO group determination method for case 2 discussed above can be applied in each type. As shown in Fig 5, the time instances in which the number of FDMed ROs associated with SSB#0 are the same, are considered as a type. Then in every consecutive  time instances of same type, valid ROs that are associated with same SSB and hvae same new frequency index value which is additionally defined in frequency domain are determined as one RO group, where  is the number of multiple PRACH transmissions. For example, if SSB#0 is selected by UE and the number of multiple PRACH transmissions is 2, the ROs filled with same color as illustrated in Fig 5 can be determined as RO groups.
[image: ]
Fig. 5. RO group determination in case 3
With the discussion above, we have the following proposals.
Proposal 6:
· The time position and frequency position of valid ROs for each RO group are implicitly determined, and the following RO group determination methods are considered:
· For case 1, ROs which are associated with same SSB in consecutive time instances with same index value in frequency domain are determined as one RO group.
· For case 2, the FDMed ROs which are associated with the same SSB in each time instance are further ordered and numbered with new frequency indexes in increasing of frequency location relative to the RO index defined in existing spec., then the ROs that are associated with same SSB in consecutive time instances and have same new frequency index which is additionally defined can be determined as one RO group.
· For case 3, the time instances can be classified into different types based on the number of FDMed ROs associated with same SSB, then the RO group determination method for case 2 can be applied to ROs at each type of time instances.
Frequency hopping
As ROs for multiple PRACH transmissions are associated with the same SSB, the frequency hopping should only be performed on the ROs associated with the same SSB. As discussed in previous section, there are three types of SSB to RO mapping results when legacy SSB to RO mapping is applied, where both the number of FDMed ROs and the frequency domain location of ROs associated with same SSB may be different at different time instances. For convenience, the RO group determination method that is not used for frequency hopping proposed in section 2.1.2 is termed as baseline RO group determination method. In the case as shown in Fig 4, the ROs in one RO group determined by baseline method are naturally in different frequency domain locations, that is the frequency hopping can be performed automatically. In this case, additional frequency hopping configuration is not required. In addition, if there is only one RO associated with same SSB in different time instances, the frequency hopping is also not required. 
Proposal 7:
· Frequency hopping should only be performed on the ROs associated with the same SSB and whether to enable frequency hopping depends on the SSB to RO mapping cases determined by SSB to RO mapping ratio, number of ROs FDMed, and number of SSBs actually transmitted.
If frequency hopping is performed, it is reasonable that both hopping step in time domain and hopping offset in frequency domain should be considered. The hopping step in time domain which is in units of time instances associated with same SSB should depend on the number of multiple PRACH transmissions configured by network, e.g. the number of multiple PRACH transmissions can be an integer multiple of the hopping steps. For example, if the number of multiple PRACH transmissions is 4, the hopping step in time domain can be configured as 1 or 2. For the hopping offset in frequency domain, it should be in units of ROs associated with same SSB. 
Then based on the baseline RO groups determination method proposed in section 2.1.2, the FDMed ROs which are associated with the same SSB in each time instance can be further ordered and numbered with new frequency indexes in increasing of frequency location firstly. The RO in first hop can be selected randomly and assuming the RO index in the previous hop is denoted as , then the RO index in the next hop  can be denoted as , where X is the number of consecutive FDMed ROs associated with the same SSB and  is the hopping offset. It should be noted that the RO index in this equation is the new additionally defined frequency index as discussed in previous section. As shown in Fig 6, assuming that the number of multiple PRACH transmissions is 4, hopping step in time domain is 2 and hopping offset in frequency domain is 1, the ROs filled with same color can be determined as one RO group.
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Fig. 6. Illustration of frequency hopping
Proposal 8:
· If frequency hopping is supported, the RO group for frequency hopping is determined by hopping step in time domain and hopping offset in frequency domain considering new frequency indexes additionally defined among the selected FDMed ROs mapped to the same SSB.
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 droping 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 9: 
· 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 PRACH attempt. However, for repetition number determination after first PRACH attempt, there’s no conclusion yet.
	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#122 meeting, following agreements about multiple PRACH transmissions 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 fall back scenarios are FFS
Agreement(Made in RAN2#122)
· RAN2 to further discusss fallback from lower number of MSG1 repetition to higher number which is also FFS for now. We need to understand how to signal this and how this impacts MAC procedure.


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. If one RACH attempt with multiple PRACH transmissions fails, UE will reselect the PRACH repetition number based on the measured RSRP. In addition, UE may increase PRACH repetition number if several random access attempts with same lower PRACH repetition number have been tried and failed.
Proposal 10: 
· The number of PRACH repetitions could be determined based on the following options:
· based on the measured RSRP of the downlink pathloss reference after one failed random access attempt,
· increased after a number of failed random access attempts with same repetition number.
2.3 Power control
The transmission power of PRACH is determined as the minimum value between the configured maximum output power, and the target reception power plus the measured pathloss, and the target reception power is defined in TS 38.321 as shown below.
PREAMBLE_RECEIVED_TARGET_POWER = preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA.
[bookmark: _Hlk142297739]In legacy, the target reception power is a reference for performing the PRACH detection which only consists of one PRACH transmission. When PRACH repetition is performed in Rel-18, one PRACH attempt consists of multiple PRACH transmissions. The calculation method of the target reception power could be modified when PRACH repetition is performed, that a new parameter poweOffset configured by higher layer should be introduced as follows:
PREAMBLE_RECEIVED_TARGET_POWER_OnePRACH = preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA + poweOffset.
Firstly, the new parameter poweOffset should be determined according to the performance gain of PRACH repetition compared to the PRACH single transmission. In the first two meetings in Rel-18 CE WI, the performance gain of PRACH repetition is provded by companies for different scenarios, 1.7~4.3dB for PRACH with 2 repetitions, 3.7~7.95dB for PRACH with 4 repetitions. Considering the different deployment scenarios and PRACH detecting implementation at the gNB (i.e. power accumulating detection or detection with every two PRACH signals), it is preferred to introduce a configurable parameter poweOffset other than a fixed value.
Secondly, as discussed in subsection 2.1, PRACH repetition might collide with the downlink slots configured in tdd-UL-DL-ConfigurationDedicated, and gNB would not perform PRACH detection at the collision RO. Therefore, the number of PRACH repetitions detected by gNB may be smaller than the number of PRACH repetitions transmitted by UE. To pre-compensate the performance loss, the parameter poweOffset could be configured according to the probability of RO collision.
Finally, the parameters in the legacy calculation, including preambleReceivedTargetPower, DELTA_PREAMBLE, PREAMBLE_POWER_RAMPING_STEP, POWER_OFFSET_2STEP_RA, are integers configured by higher layer. It is reasonable to use a configurable integer to keep alignment with other parameters.
Proposal 11: 
· The calculation method of the target reception power could be modified when PRACH repetition is performed, that a new parameter poweOffset configured by higher layer should be introduced as follows:
· PREAMBLE_RECEIVED_TARGET_POWER = preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA + powerOffset.
In addition, up to NR Rel-17, as indicated by the following text excerpted from TS 28.213, the calculation of transmission power for Msg3 is referred to the target reception power of PRACH, which is configured for one PRACH attempt consisting of single PRACH transmission as discussed above.
	If a UE established dedicated RRC connection using a Type-1 random access procedure, as described in clause 8, and is not provided P0-PUSCH-AlphaSet or for a PUSCH (re)transmission corresponding to a RAR UL grant as described in clause 8.3, 
	, , and , 
[bookmark: _Hlk142658448]where  is provided by preambleReceivedTargetPower [11, TS 38.321] and  is provided by msg3-DeltaPreamble or deltaPreamble, or  dB if msg3-DeltaPreamble and deltaPreamble are not provided, for carrier  of serving cell .


In Rel-18, when PRACH repetition is introduced, the total power of PRACH repetition is excepted to be larger than the UE maximum output power for overcoming the large pathloss effect. The transmission power of Msg3 PUSCH corresponding to the PRACH transmission with repetition is preferred to be determined based on the transmission power of one PRACH signal, i.e.,  = preambleReceivedTargetPower+powerOffset, other than the total power of PRACH repetition, to leave an application space for TPC in RAR. 
Proposal 12: 
· The transmission power of Msg3 PUSCH corresponding to a PRACH transmission with repetition is preferred to be determined based on the following preamble power assumption:
·  = preambleReceivedTargetPower + powerOffset.
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.
Proposal 13: 
· The pathloss should be estimated before the first PRACH transmission and applied for power determination of all PRACH repetitions within one RACH attempt.
Another issue is whether separate parameters including powerRampingStep, maximum number of transmissions, etc. are needed for multiple PRACH transmissions with different repetition factors. To make sure PRACH transmissions from different UEs in each RO have similar reception power, preambleReceivedTargetPower is configured per RO resource set. Even when PRACH repetition is applied, such requirement for preambleReceivedTargetPower configuration may still be needed since one RO may be used for PRACH transmissions with or without PRACH repetition. Compared with a larger repetition number, when a RACH attempt with a smaller repetition number fails, it may require a larger power ramping step to complete the RACH procedure successfully if UE is in the poor coverage condition. And compared with PRACH repetition with a small repetition number, PRACH repetition with a larger repetition number may only need a small maximum number of transmissions to stop unnecessary additional PRACH attempts in time and save resources. In addition, considering that PRACH repetition with different repetition numbers are treated as separate features, it is reasonable to configure separate parameters for different repetition numbers independently. 
Proposal 14: 
· Separate parameters including powerRampingStep, maximum number of transmissions, etc. are configured for multiple PRACH transmissions with different repetition numbers. If the repetition number in one RACH attempt changes relative to previous RACH attempt, UE should update the corresponding parameters.
2.4 PRACH repetition in CFRA
In RAN2 #122 meeting, following agreements regarding PRACH repetition in CFRA have been achieved. 
	Agreements
· RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases.


When UEs in the RRC connected state and move to a poor coverage area, PRACH repetition could be needed when CFRA procedure is triggered for BFR. In CFRA, compared to CBRA, it is more flexible for network to configure the PRACH resources for PRACH repetition in dedicated signalling which can be further discussed in RAN2 given RAN1 has limited TU left. Therefore, we have following proposal.
Proposal 15: 
· Support CFRA for PRACH repetition for BFR and the detailed signaling can be discussed in RAN2.
2.5 Potential RRC parameter list
According to discussions and agreements made in previous meetings, at least following list of new RRC parameters provided in Table 1 can be a start point for supporting multiple PRACH transmissions with same TX beam.
Proposal 16:
· RAN1 to discuss the list of potential new RRC parameter for supporting multiple PRACH transmissions with same TX beam according to Table 1 as a start point.
Table 1. 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
	timePeriodK 
	New
	This parameter indicates a time period starting from frame 0 and consisting of K SSB-to-RO association pattern periods.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[frequencyHoppingStep] 
	New
	This parameter indicates the frequency hopping step in time domain which is in units of time instances associated with same SSB.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[frequencyHoppingOffset]
	New
	This parameter indicates the frequency hopping offset in frequency domain which is in units of ROs associated with same SSB.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[rachTransMax]
	New
	This parameter indicates the max number of RACH attempts.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[powerRampingStep]
	New
	This parameter indicates the power ramping step for Msg1 repetitions.
	FFS
	Per partition

	PRACH repetition with same TX beam
	FeatureCombinationPreambles
	[powerOffset]
	New
	This parameter indicates the power offset for Msg1 repetitions, which is used to calculate the transmission power of each PRACH transmission.
	FFS
	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:
· The PRACH resources for multiple PRACH transmissions with different repetition numbers are separately configured as different features.
Observation 2:
· With legacy SSB to RO mapping rules, the SSB to RO mapping result is determined by the number of SSBs (ssb-PositionsInBurst), the number of FDMed ROs (msg1-FDM) and the number of SSBs associated with one RO (ssb-perRACH-OccasionAndCB-PreamblesPerSSB).
Observation 3:
· With legacy SSB to RO mapping rules, three types of SSB to RO mapping results may occur when  is an integer value:
· Case 1: Both the number of FDMed ROs and the frequency domain location of ROs associated with same SSB are the same at different time instances, which can be denoted as ,
· Case 2: The number of FDMed ROs associated with same SSB between different time instances are the same, while the frequency domain location of ROs associated with same SSB are different at least at some time instances, which can be denoted as ,
· Case 3: Both the number of FDMed ROs and the frequency domain location of ROs associated with same SSB are different at least at some time instances, which can be denoted as .
Proposal 1:
· For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule and RO group should be determined after SSB to RO mapping. 
Proposal 2: 
· The value of K should be separately configured by network for multiple PRACH transmissions with different repetition numbers.
Proposal 3:
· For multiple PRACH transmissions with same TX beam, the SSB to RO mapping configuration is expected to have   as an integer value, where N is the number of SSBs per RO and   is the total number of SSBs actually transmitted. 
Proposal 4:
· The determination of ROs in each RO group shoud be in time domain first and then in frequency domain. 
Proposal 5:
· The determination of time instances and frequency domain locations of ROs in one RO group should depend on SSB to RO mapping result.
Proposal 6:
· The time position and frequency position of valid ROs for each RO group are implicitly determined, and the following RO group determination methods are considered:
· For case 1, ROs which are associated with same SSB in consecutive time instances with same index value in frequency domain are determined as one RO group.
· For case 2, the FDMed ROs which are associated with the same SSB in each time instance are further ordered and numbered with new frequency indexes in increasing of frequency location relative to the RO index defined in existing spec., then the ROs that are associated with same SSB in consecutive time instances and have same new frequency index which is additionally defined can be determined as one RO group.
· For case 3, the time instances can be classified into different types based on the number of FDMed ROs associated with same SSB, then the RO group determination method for case 2 can be applied to ROs at each type of time instances.
Proposal 7: 
· Frequency hopping should only be performed on the ROs associated with the same SSB and whether to enable frequency hopping depends on the SSB to RO mapping cases determined by SSB to RO mapping ratio, number of ROs FDMed, and number of SSBs actually transmitted.
Proposal 8: 
· If frequency hopping is supported, the RO group for frequency hopping is determined by hopping step in time domain and hopping offset in frequency domain considering new frequency indexes additionally defined among the selected FDMed ROs mapped to the same SSB.
Proposal 9: 
· PRACH repetition in separate RO is not transmitted when the separate RO collides with MsgA PUSCH.
Proposal 10: 
· The number of PRACH repetitions could be determined based on the following options:
· based on the measured RSRP of the downlink pathloss reference after one failed random access attempt,
· increased after a number of failed random access attempts with same repetition number.
Proposal 11: 
· The calculation method of the target reception power could be modified when PRACH repetition is performed, that a new parameter poweOffset configured by higher layer should be introduced as follows:
· PREAMBLE_RECEIVED_TARGET_POWER = preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA + powerOffset.
Proposal 12: 
· The transmission power of Msg3 PUSCH corresponding to a PRACH transmission with repetition is preferred to be determined based on the following preamble power assumption:
·  = preambleReceivedTargetPower + powerOffset.
Proposal 13: 
· The pathloss should be estimated before the first PRACH transmission and applied for power determination of all PRACH repetitions within one RACH attempt.
Proposal 14: 
· Separate parameters including powerRampingStep, maximum number of transmissions, etc. are configured for multiple PRACH transmissions with different repetition numbers. If the repetition number in one RACH attempt changes relative to previous RACH attempt, UE should update the corresponding parameters.
Proposal 15:
·  Support CFRA for PRACH repetition for BFR and the detailed signaling can be discussed in RAN2.
Proposal 16: 
· RAN1 to discuss the list of potential new RRC parameter for supporting multiple PRACH transmissions with same TX beam according to Table 1 as a start point.
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