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Introduction
In the contribution we discuss the maintenace issues for multiple PRACH transmissions for coverage.
Discussion on remaining issues
Based on the feature lead summary of the previous discussions in the last RAN1 114bis meeting [1], at least the following remaining issues need to be discussed:
· Rules causing to drop PRACH transmissions.
· Any additional conditions for triggering multiple PRACH transmissions.
· Supported values for time offset parameter for each number of PRACH TX for density control.
· Interaction between multiple PRACH transmissions and other transmissions.
· Whether/how to support multiple PRACH transmissions for CFRA.
In the following, we discuss about these remaining issues. 

Dropping rules for PRACH
The following agreement was made in RAN1-113 meeting [2]:
	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.



Based on above agreement, the existing dropping rules are applicable to multiple PRACH transmissions and the dropped transmission is not postponed. It is also to be determined whether any additional dropping rules are needed for multiple PRACH transmissions. 
Based on the existing specification in Section 8.1 of TS 38.213 (as excerpted below), the PRACH transmission is dropped when the gap between a PRACH transmission and a PUSCH/PUCCH/SRS transmission is less than N. In addition, this existing dropping rule also applies to each actual PUSCH repetition for PUSCH transmission with repetition Type-B. See the yellow highlighted text below.
	For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214].



Based on the observations above, the same dropping rules should be applicable to each actual PRACH transmission of multiple PRACH transmissions to ensure the compatibility of existing rule to multiple PRACH transmissions in Rel-18. Similarly, the existing dropping rules should be applicable for each actual PRACH transmission of multiple PRACH transmissions. 
The existing dropping rules should be extended to multiple PRACH transmissions, as illustrated in the text below. 
	For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS/PRACH transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214]. For multiple PRACH transmissions, this applies to each actual PRACH transmission. 



We propose the following new dropping rule for multiple PRACH transmissions.
Proposal 1: The existing PRACH dropping rule (in Section 8.1, TS38213) is extended to each actual PRACH transmission for multiple PRACH transmissions. 
Proposal 2: The existing PRACH dropping rule (in Section 8.1, TS38213) based on a minimum gap N between a PRACH transmission and a PUSCH/PUCCH/SRS transmission is extended to the case between a PRACH transmission and another PRACH transmission. 

[bookmark: _Hlk146718950]Triggering and configuration for multiple PRACH transmissions
In RAN1-111, the following agreement was made:
	Agreement (Made in RAN1#111)
· 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.



SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions when multiple PRACH transmissions are used. However, it was not clear during the discussions whether the above agreement applies to determining if single vs. multiple PRACH transmissions should be used. In one understanding, UE may need to reach a certain output power before multiple PRACH transmissions are triggered. In other understanding, UE determines whether to perform single or multiple PRACH transmissions based on SSB-RSRP measurements alone. The first understanding would require a minimum compulsory output for multiple PRACH transmissions whereas the latter understanding would not put any maximum transmission power as a requirement. 
In our view, the similar approach as NB-IoT/LTE-MTC can be considered where the determination between single PRACH and multiple PRACH transmissions is based on SSB-RSRP threshold alone. After UE determines the number of PRACH transmissions (and after UE determines whether to transmit single or multiple PRACH), UE transmits the first RACH attempt with no compulsory transmit power requirement. If the first RACH attempt fails, UE performs power ramping using the same number of PRACH transmissions. 
We propose the following: 
Proposal 3: The maximum transmission power is NOT compulsorily applied for the first RACH attempt with multiple PRACH transmissions. 
Proposal 4: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.

Time offset configuration between RO groups
In RAN1-114 meeting, it was agreed that an optional time offset parameter can be configured to increase the gap between two consecutive RO groups. The time offset applies between the starting RO of the n-th RO group and the starting RO of the (n+1)-th RO group. One remaining issue is regarding the possible set of values for the time offset. 
In the last RAN1-114bis [2], the following agreement was made on possible candidate values for the time offset parameter:
	Agreement
The candidate value of TimeOffsetBetweenStartingRO-r18 is proposed as below
1. {16, [32]}, for RO groups for 8 repetitions
1. {8, 16, [32]}, for RO groups for 4 repetitions
1. {4, 8, [16, 32]}, for RO groups for 2 repetitions



However, there were further discussions and different candidate values were proposed. In our view, the feature intends to offer configuration flexibility to the network while accommodating one of the feasible sets of candidate time offset values at the UE for each repetition number. Since this parameter is also an optional network configuration, the parameter values should be coarse enough in time to offer the promised flexibility. If some candidate values are proposed as very close numbers to each other (for example, values 5, 6 or 8 ROs as candidate values for 4 repetitions), then this is not aligned with the motivation of supporting time offset configuration. In our view, this is unnecessary complexity to gNB and UE without clear flexibility. 
Based on this, in our view, each value in a set of candidate values for each repetition number should be different/separated enough to justify its benefit. Additionally, we also prefer to cap the maximum possible time offset value to a reasonable number to prevent long latency issues for initial access in coverage-limited conditions. Since a coverage-limited UE is more likely to use multiple PRACH transmissions and RACH re-attempts are also more likely to happen, a larger time offset parameter may cause long delays to initial access. 
Therefore, we propose to remove the values in square brackets from the previous agreement and confirm the values {16} for 8 repetitions, {8, 16} for 4 repetitions, and {4, 8, 16} for 2 repetitions. 
So, we propose the following:
Proposal 5: Confirm the time offset values as follows:
1. {16} for RO groups for 8 repetitions
1. {8, 16} for RO groups for 4 repetitions
1. {4, 8, 16} for RO groups for 4 repetitions

Multiple PRACH transmissions for CFRA
The discussions on multiple PRACH transmissions have so far focused on CBRA, although the agreed design can be extended to CFRA case with minimal modifications. Having a complete multiple PRACH transmissions for 4-step RACH is preferred in Rel-18, which should include both CBRA and CFRA. 
However, since Rel-18 maintenance phase has started from RAN1 perspective, any additional enhancements or optimizations should be avoided for CFRA. We propose the following:
Proposal 6: Extend the R18 multiple PRACH transmissions design for CFRA without introducing any additional enhancements.

Conclusions
We have the following proposals:
Proposal 1: The existing PRACH dropping rule (in Section 8.1, TS38213) is extended to each actual PRACH transmission for multiple PRACH transmissions. 
Proposal 2: The existing PRACH dropping rule (in Section 8.1, TS38213) based on a minimum gap N between a PRACH transmission and a PUSCH/PUCCH/SRS transmission is extended to the case between a PRACH transmission and another PRACH transmission. 
Proposal 3: The maximum transmission power is NOT compulsorily applied for the first RACH attempt with multiple PRACH transmissions.  
Proposal 4: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
Proposal 5: Confirm the time offset values as follows:
1. {16} for RO groups for 8 repetitions
1. {8, 16} for RO groups for 4 repetitions
1. {4, 8, 16} for RO groups for 4 repetitions
Proposal 6: Extend the R18 multiple PRACH transmissions design for CFRA without introducing any additional enhancements.
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