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1. Introduction
In this contribution, we discuss the following remaining issues of multiple PRACH transmissions for Rel-18 NR coverage enhancements.
· PRACH dropping issue for multiple PRACH transmissions.
· Orphan RO handling for RO group determination.
· Power ramping between RACH attempts.
· Preamble determination for shared RO with separated preamble case
· RO group indication for CFRA with msg1 repetition for ReconfigurationWithSync

2. Discussion
PRACH dropping issue for multiple PRACH transmissions
Regarding the PRACH dropping issue, following agreement was made in RAN1 #113 meeting.
	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.


According to the agreement, if one or more PRACH transmission(s) of the multiple PRACH transmissions are dropped based on the rules causing to drop PRACH transmission(s) in existing spec., the UE does not transmit one or multiple dropped PRACH transmission(s). It seems there is a standard impact on the UE behavior, but it has not been reflected in S8.1 from TS38.213 [1]. For convenience, S8.1 from TS38.213 is shown as follows:
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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].


In this paragraph, if some conditions are met, the UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot. However, this considers the presence of single UL signal/channel (e.g., PRACH/PUSCH/PUCCH/SRS respectively) within a slot. Therefore, when multiple PUSCHs were introduced within a slot in previous release (i.e., PUSCH repetition Type B), a sentence was added to ensure that above conditions were considered in each PUSCH transmission within a slot.
Similarly, if there are multiple ROs associated with the same SSB to be used in the multiple PRACH transmissions within a slot, a sentence needs to be added to ensure that above conditions would be considered in each PRACH transmission within a slot.

Proposal 1. Regarding the PRACH dropping issue, adopt the text proposal as below for TS38.213.
	8.1	Random access preamble
*** Unchanged parts are omitted ***
[bookmark: _GoBack]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]. For a PRACH transmission with  preamble repetitions, if multiple PRACH transmissions associated with the same SSB are located within a slot, this applies to each PRACH transmission within a slot.
*** Unchanged parts are omitted ***



Orphan RO handling for RO group determination
In the RAN1 #114 meeting, several agreements were made regarding the RO group determination for multiple PRACH transmissions [2]. However, the issue related to orphan RO handling still remains. To be specific, according to S8.1 from TS38.213 [1], one or multiple RO groups are implicitly determined by using ROs associated with same SSB within time period X. At this time, in case when the number of remaining ROs associated with the same SSB in time period X that were not included in other RO groups is less than the corresponding repetition factor, the UE behavior has not yet been defined.
Therefore, it is beneficial to support that the last RO group within time period X can be determined only if UE can select valid ROs as many as repetition factor from the starting RO of the last RO group. To be specific, if it is not possible to select valid ROs as many as the repetition factor from RO index K (i.e., the valid RO that can be determined as the start RO of the last RO group) within period X, UE can expect that RO index K and subsequent valid ROs are not used for multiple PRACH transmissions.



Figure 1. Example of starting RO and RO group determination. (Repetition factor = 4)

Proposal 2. The last RO group within period X can be determined only if UE can select valid ROs as many as repetition factor from the starting RO of the last RO group.

Power ramping between RACH attempts
In the previous meetings, the re-transmission algorithms including repetition numbers and transmit power were discussed. Re-transmission algorithms of multiple PRACH transmissions in LTE eMTC/NB-IoT would be a base line for Rel-18 NR CE PRACH enhancement. First of all, the transmit power of multiple PRACHs can be increased between RACH attempts. Then, if the maximum number of attempts for current number of PRACH repetitions is reached (i.e., if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1), the number of multiple PRACH transmissions in RACH re-attempts can be increased. 

Proposal 3. Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased when the maximum number of attempts for current number of PRACH repetitions is reached.

Preamble determination for shared RO with separated preamble case
In RAN2 #123 meeting, it was agreed that the PRACH repetition feature is treated as a single feature regardless of number of PRACH repetition factors as follows:

	Agreement
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.


According to S6.3.2 from TS38.331 [3], the PRACH preamble indexes are configured by startPreambleForThisPartition-r17 and numberOfPreamblesPerSSB-ForThisPartition-r17 provided in FeatureCombinationPreambles-r17. Here, if gNB indicates featureCombination-r17 as PRACH repetition feature (e.g., msg1-Repetitions-r18), and if gNB provides multiple PRACH repetition factors in the corresponding RACH resource, there is a problem that the preamble indexes are not assigned for each configured repetition factor. For this reason, it is necessary to support an additional UE behaviour to determine preamble indexes for each configured repetition factor.
Regarding this issue, it is desirable to assign the PRACH preamble indexes almost evenly to each configured repetition factor. For example, assuming that the number of configured repetition factors is ‘K’ (e.g., if NumberOfMsg1-Repetitions-r18 = {1st value, 2nd value, 3rd value}, then K=3), and assuming that the number of preamble indexes for the corresponding RACH resource is ‘L’ (i.e., numberOfPreamblesPerSSB-ForThisPartition-r17 = L), the preamble indexes for each configured repetition factor can be determined by UE as follows, and which is shown as Figure 2. Here, if gNB provides ‘L’ as a number other than a multiple of ‘K’, the remaining preamble indexes can be defined not to be used for multiple PRACH transmissions.
1. For the 1st value of NumberOfMsg1-Repetitions-r18
A. Starting preamble index = startPreambleForThisPartition-r17
B. Number of preambles = floor(L/K)
2. For the 2nd value of NumberOfMsg1-Repetitions-r18
A. Starting preamble index = startPreambleForThisPartition-r17 + floor(L/K)
B. Number of preambles = floor(L/K)
3. For the 3rd value of NumberOfMsg1-Repetitions-r18
A. Starting preamble index = startPreambleForThisPartition-r17 + 2floor(L/K)
B. Number of preambles = floor(L/K)


Figure 2. An example of preamble determination for shared RO with separated preamble case

Proposal 4. UE can determine a starting preamble index and number of preambles for each repetition factor based on higher layer parameters (e.g., startPreambleForThisPartition-r17, numberOfPreamblesPerSSB-ForThisPartition-r17, NumberOfMsg1-Repetitions-r18) in shared RO with separated preamble case.

[bookmark: _Hlk149661787]RO group indication for CFRA with PRACH repetition for ReconfigurationWithSync
In RAN2 #122 meeting, it was agreed that the CFRA with PRACH repetition for ReconfigurationWithSync is supported as follows:

	Agreement
RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases.


Here, if the UE is configured to perform CFRA with multiple PRACH transmission for ReconfigurationWithSync, it is desirable for gNB to indicate which RO group will be used for the UE. For example, the first valid RO index of the RO group can be indicated via ra-ssb-OccasionMaskIndex in RACH-ConfigDedicated. After that, UE can perform CFRA with multiple PRACH transmission by using configured RO group.

Proposal 5. For CFRA with multiple PRACH transmission for ReconfigurationWithSync, the first valid RO index of the RO group can be indicated via ra-ssb-OccasionMaskIndex in RACH-ConfigDedicated.

3. Conclusion
In this contribution, we discussed the remaining issues of multiple PRACH transmissions for Rel-18 NR coverage enhancements, we have the following proposals.

Proposal 1. Regarding the PRACH dropping issue, adopt the text proposal as below for TS38.213.
	8.1	Random access preamble
*** Unchanged parts are omitted ***
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]. For a PRACH transmission with  preamble repetitions, if multiple PRACH transmissions associated with the same SSB are located within a slot, this applies to each PRACH transmission within a slot.
*** Unchanged parts are omitted ***


Proposal 2. The last RO group within period X can be determined only if UE can select valid ROs as many as repetition factor from the starting RO of the last RO group.

Proposal 3. Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased when the maximum number of attempts for current number of PRACH repetitions is reached.

Proposal 4. UE can determine a starting preamble index and number of preambles for each repetition factor based on higher layer parameters (e.g., startPreambleForThisPartition-r17, numberOfPreamblesPerSSB-ForThisPartition-r17, NumberOfMsg1-Repetitions-r18) in shared RO with separated preamble case.

Proposal 5. For CFRA with multiple PRACH transmission for ReconfigurationWithSync, the first valid RO index of the RO group can be indicated via ra-ssb-OccasionMaskIndex in RACH-ConfigDedicated.
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