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1. Introduction

In RAN1#112b-e, PRACH coverage enhancements in Rel-18 was discussed, and the following agreements were made [1].
Agreement

Confirm the following working assumptions.
	Working Assumption

For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.

· Note: Separate RO means that the RO is separated with single PRACH transmission. 

· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Working Assumption

For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.

· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 

· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.


Agreement

Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2.
Conclusion

There is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18.

Note: multiple PRACH transmissions within one RACH attempt located at same time instance includes multiple PRACH transmissions in FDMed ROs located at the same time instance and multiple PRACH transmissions with different preambles in the same RO.

Conclusion

There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.

Agreement

· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.

· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.

· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.

· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.

· Note 3: Valid RO(s) refers to what is defined in existing specification.

Agreement

The starting point of RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions.

Note: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.

Note: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.
This contribution discusses potential issues on PRACH coverage enhancements further. Our proposals are provided.
2. Discussion
2.1. SSB to RO group association period
It was agreed that the number of valid ROs in one RO group is equal to the number of multiple PRACH transmissions within one RACH attempt. It is not decided how to acquire the valid ROs in a RO group. In existing specification, the configured ROs are mapped to SS/PBCH block indexes following a predefined order. For legacy SSB-to-RO association period, the actual transmitted SS/PBCH block indexes are mapped at least once to the PRACH occasions. This means that an association period may include one or more ROs associated with each SSB. As agreed in RAN1#110-bis that at least ROs located at different time instances can be utilized for multiple PRACH transmissions with same beam. There is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18. Therefore, within an association period, the ROs at different time instances and associated with the same SSB can be used as the ROs in a RO group.
A R-18 CE capable UE will select SSB and number of multiple PRACH transmissions for random access. The UE will randomly select a RO group which has corresponding number of ROs. It is possible that the number of ROs in a RO group exceeds the TDM’ed ROs mapped to the same SS/PBCH block index within one legacy SSB-to-RO association pattern period. A method should be found to determine all the valid ROs of a selected RO group. In our view, the following options can be considered.

· Option 1: Define a new SSB-to-RO group association period 
A RO group association period is defined to cover the number of valid ROs in a RO group. The valid ROs are TDM’ed and mapped to a specific SSB index. Assuming the number of valid ROs in a RO group is N, that means for RO group with N ROs, the actual transmitted SS/PBCH block indexes are mapped at least once to N TDM’ed ROs within one SSB-to-RO group association period.
If multiple values are configured for multiple PRACH transmissions, one option is to define an SSB-to-RO group association period for each value. Another option is to define a unified SSB-to-RO group association period for all the values, e.g. based on the maximum value. Figure 1 shows an example of SSB-to-RO group association period for N=4. Legacy SSB-to-RO mapping pattern is assumed. 4 ROs at different time instances within an SSB-to-RO group association period comprise a RO group for N=4. 
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Fig1. RO group association period
· Option 2: Based on existing SSB-to-RO association period 
Existing SSB-to-RO association period is reused to cover the number of valid ROs in a RO group. Within each SSB-to-RO association period, one or more TDM’ed ROs are chose according to SSB-to-RO mapping pattern. The number of SSB-to-RO association period is determined based on number N and the number M of TDM’ed ROs within an SSB-to-RO association period, e.g. N is divided by M. The multiple SSB-to-RO association periods for the time span of a RO group can also be considered as an SSB-to-RO group association period, as described in option 1. Figure 2 shows an example of multiple SSB-to-RO association periods for N=4. Legacy SSB-to-RO mapping pattern is assumed. 4 ROs belonging to 4 SSB-to-RO association periods comprise a RO group for N=4.
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Fig2. Multiple SSB-to-RO association period
When multiple PRACH are transmitted on separate ROs, additional RACH configuration can be used to obtain RO groups. It is not necessary to follow the existing SSB-to-RO association period, which is defined for single PRACH transmission. A new SSB-to-RO group association period is more applicable to define the time span of a RO group. For this case, option 1 is proposed. 
When multiple PRACH are transmitted on shared ROs, existing SSB-to-RO association period can be reused. The TDM’ed ROs in a RO group can span several SSB-to-RO association periods, based on the number of ROs in a RO group and the number of TDM’ed ROs within an SSB-to-RO association period. For this case, option 2 is proposed. 
Proposal 1: For multiple PRACH transmitted on separate ROs, new SSB-to-RO group association period is introduced to define the time span of a RO group.
Proposal 2: For multiple PRACH transmitted on shared ROs, existing SSB-to-RO association period is reused to define the time span of a RO group.
2.2. SSB-to-RO mapping pattern
For legacy SSB-to-RO mapping rules, SS/PBCH block indexes provided by ssb-PositionsInBurst are mapped to valid PRACH occasions in the following order: preamble indexes, FDM’ed RO indexes, TDM’ed RO indexes. The current mapping order leads to long latency between TDM’ed ROs for multiple PRACH transmission, since TDM’ed RO indexes has the lowest mapping priority. The latency of multiple PRACH transmission should be optimized to reduce random access latency and the detection load of gNB. It can be fulfilled by appropriate parameter configuration for SSB-to-RO mapping, such as ssb-perRACH-Occasion and CB-PreamblesPerSSB. For the case of share RO, it may introduce some restriction to the SSB-to-RO mapping configuration of legacy single PRACH transmission. For the case of separate RO, SSB-to-RO mapping rules for the ROs for multiple PRACH transmission can be enhanced to allow short latency among TDM’ed ROs for multiple PRACH transmission. For example, as summarized in [2] during last meeting, the SSB are mapped to valid ROs for multiple PRACH transmission first in the time domain and then in the frequency domain.

Figure 3 shows an example of multiple PRACH transmission for N=4. The parameters ssb-perRACH-Occasion = 1/4 and msg1-FDM=4 are assumed. The SSB are mapped to valid ROs for multiple PRACH transmission first in the time domain and then in the frequency domain. Then, 4 continuous ROs in time domain are available for a RO group. 
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Fig3. SSB-to-RO mapping pattern for multiple PRACH transmission on separate ROs
Proposal 3: For multiple PRACH transmissions on separate ROs, consider new SSB-to-RO mapping mechanism to allow short latency for multiple PRACH transmission. 
2.3. Multiple PRACH transmissions with frequency hopping
Based on the configuration of parameter msg1-FDM, there may be several FDM’ed ROs at a time instance that are mapped to same SSB. The starting RB of ROs can be different at different time instances for multiple PRACH transmissions, which can have some frequency diversity gain. The starting RBs of different ROs are based on the PRACH resource configuration for multiple PRACH transmission. A RO group for multiple PRACH transmissions can include ROs with same or different starting RBs. The starting RBs of ROs in a RO group can be determined based on a rule, e.g. frequency hopping pattern. The frequency pattern can be determined according to the number of multiple PRACH transmissions and the number of FDM’ed ROs at a time instance that are mapped to same SSB. 
Figure 4 shows an example of frequency hopping in RO group. Legacy SSB-to-RO mapping pattern is assumed with ssb-perRACH-Occasion = 1/4 and msg1-FDM=4. The ROs 
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Fig4. Frequency hopping pattern for RO groups
Proposal 4: The starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
2.4. Retransmission of multiple PRACH transmissions
It was agreed in RAN1#111 that 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.

The agreement only addresses the number of multiple PRACH transmissions determination for the first RACH attempt. For the first PRACH attempt, SSB-RSRP threshold can be used to determine the number of multiple PRACH transmission. However, the measured SSB-RSRP may not always be a fine parameter to determine the multiple PRACH transmission. For legacy single PRACH transmission, the PRACH power is set according to the preambleReceivedTargetPower and pathloss, which is based on measured RSRP. If no RAR is received by UE, UE will retransmit the PRACH with ramped power, until it reaches the maximum output power. Therefore, the measured RSRP cannot always guarantee the success of a PRACH attempt. For UE supporting multiple PRACH transmissions, there may be the case that UE initially determines single PRACH transmission based on the measured SSB-RSRP. However, it may retransmit the single PRACH with ramped power due to failed reception of RAR. Then UE continues the legacy PRACH transmission procedure until PCMAX is reached. It means that the coverage of PRACH is poor. 
During RAN1#112-e, several options for multiple PRACH transmission in re-attempt were summarized as follows [2]:

Option 1: Single PRACH transmission is performed firstly, when the calculated power of single PRACH attempt reaches the maximum output power of UE, multi-PRACH transmissions are then performed.

Option 2: Multiple PRACH transmissions are determined based on the SSB-RSRP thresholds.

In our view, option 1 can address the case that first RACH attempt is single PRACH transmission based on the SSB-RSRP thresholds. When the calculated power of single PRACH attempt reaches the maximum output power of UE, multi-PRACH transmissions are then performed. If UE determines single PRACH for the first PRACH attempt, it still has chance to enhance coverage of PRACH by repetition after PCMAX is reached. 

Option 2 addresses the case that first RACH attempt is multiple PRACH transmissions based on the SSB-RSRP thresholds. Then multiple PRACH transmissions in re-attempt follow the first RACH attempt. 
Proposal 5: If single PRACH transmission is determined for the first RACH attempt, the multiple PRACH transmission can be performed when single PRACH attempt reaches the maximum output power of UE. 
2.5. Power control

It was agreed in RAN1#112 that for multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt. For inter multiple PRACH attempts, during RAN1#112-e, the power control of multiple PRACH transmission were summarized as follows [2]:

Alt.1. Power ramping is applied between RACH attempts until the maximum transmission power is reached, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.

Alt 2. Power ramping is applied between RACH attempts until the maximum transmission power is reached, then the number of multiple PRACH transmissions in RACH re-attempts can be increased.

Alt 3. The maximum transmission power is applied for the first RACH attempt, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt. Power ramping is not needed.

Alt 4. The maximum transmission power is applied for the first RACH attempt, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. Power ramping is not needed.

If RAR is not received, the power ramping for multiple PRACH re-attempt can enhance the coverage of PRACH. The reason is same as legacy single PRACH power ramping. When the maximum transmission power is reached, that means the coverage of PRACH cannot further enhanced by power domain. Then the number of multiple PRACH transmissions in RACH re-attempts can be increased to further enhance the coverage of PRACH. We prefer above Alt2 for the multiple PRACH transmissions procedure. 
Proposal 6: Power ramping is applied between RACH attempts until the maximum transmission power is reached, then the number of multiple PRACH transmissions in RACH re-attempts can be increased.
2.6. Linkage to Msg3 transmission
For the first PRACH attempt, SSB-RSRP thresholds are agreed to determine the number of multiple PRACH transmission. If multiple PRACH transmissions is triggered, the coverage of UL is poor. It means the coverage of Msg3 transmission may be even worse. It is rare case that the PRACH coverage is poor but the Msg3 PUSCH coverage is good. If UE supports both multiple PRACH transmissions and Msg3 PUSCH repetition, the multiple PRACH transmissions should be able to trigger Msg3 repetition simultaneously.  
Proposal 7: If multiple PRACH transmission is determined based on SSB-RSRP thresholds, Msg3 PUSCH repetition is triggered simultaneously. 
Proposal 8: The number of Msg3 PUSCH repetition is indicated in RAR for initial transmission and DCI format 0_0 with CRC scrambled by TC-RNTI for retransmission, as defined in Rel-17. 
In AI 9.12.3, the dynamic switching between DFT-S-OFDM and CP-OFDM is discussed for PUSCH coverage enhancement. For Msg3 PUSCH, it does not make sense that waveform is only determined by higher layer configured parameter msg3-transformPrecoder. For poor coverage scenario, DFT-S-OFDM should be allowed even if CP-OFDM is determined by the absence of msg3-transformPrecoder. Similar to the trigger of Msg3 PUSCH repetition, switching to DFT-S-OFDM should by triggered for coverage enhancement. The condition to trigger switching to DFT-S-OFDM is poor coverage, which can be determined during the same procedure of multiple PRACH transmissions determination. It is not necessary to evaluate coverage based on SSB-RSRP thresholds separately. We propose that if multiple PRACH transmission is determined based on SSB-RSRP thresholds, DFT-S-OFDM waveform for Msg3 PUSCH is triggered simultaneously.

Proposal 9: If multiple PRACH transmission is determined based on SSB-RSRP thresholds, DFT-S-OFDM waveform for Msg3 PUSCH is triggered simultaneously. 

3. Conclusions
In this contribution, PRACH coverage enhancements are discussed and our proposals are provided. 
Proposal 1: For multiple PRACH transmitted on separate ROs, new SSB-to-RO group association period is introduced to define the time span of a RO group.
Proposal 2: For multiple PRACH transmitted on shared ROs, existing SSB-to-RO association period is reused to define the time span of a RO group.
Proposal 3: For multiple PRACH transmissions on separate ROs, consider new SSB-to-RO mapping mechanism to allow short latency for multiple PRACH transmission. 
Proposal 4: The starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
Proposal 5: If single PRACH transmission is determined for the first RACH attempt, the multiple PRACH transmission can be performed when single PRACH attempt reaches the maximum output power of UE. 
Proposal 6: Power ramping is applied between RACH attempts until the maximum transmission power is reached, then the number of multiple PRACH transmissions in RACH re-attempts can be increased.

Proposal 7: If multiple PRACH transmission is determined based on SSB-RSRP thresholds, Msg3 PUSCH repetition is triggered simultaneously. 

Proposal 8: The number of Msg3 PUSCH repetition is indicated in RAR for initial transmission and DCI format 0_0 with CRC scrambled by TC-RNTI for retransmission, as defined in Rel-17. 
Proposal 9: If multiple PRACH transmission is determined based on SSB-RSRP thresholds, DFT-S-OFDM waveform for Msg3 PUSCH is triggered simultaneously. 

4. References

[1] Draft Report of 3GPP TSG RAN WG1 #112b-e v0.1.0 
[2] R1-2303962, FL Summary#4 on PRACH coverage enhancements, Moderator (China Telecom)
