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1 Introduction
During RAN1#113 meeting, the following agreements on PRACH coverage enhancements were achieved.
	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.

Decision: [Draft] LS R1-2304070 is endorsed in principle by appending RAN1 agreement “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”, as well as fixing the formulation of the LS.

Agreement

Final LS R1-2304141 is approved.

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.




In this contribution, we mainly focus on multiple PRACH transmissions with same beams for 4-step RACH procedure to enhance the uplink coverage of PRACH.  

2 Discussion 
2.1 Determination of the number of multiple PRACH transmissions
In this section, we are mainly focus on multiple PRACH transmissions for the CBRA case. For the CFRA case, we discuss it in section 2.7.
First RACH attempt
During R17 CE WI, the Msg.3 repetition request mechanism based on the comparison of measured SS-RSRP and SIB1-configured RSRP threshold is introduced. If the measured SS-RSRP is less than the threshold, Msg3 repetition will be requested by the UE with separate PRACH resources; otherwise, legacy RACH procedure is performed. Based on the similar design, we can introduce RSRP thresholds for multiple PRACH transmissions. Specifically, before initiating RACH procedure, the UE first measures the RSRP of SSS and compares the measurement result with a configured RSRP threshold. Based on the comparison result, the UE then decides whether to repeat the PRACH transmissions. In addition, in the case of several different transmission numbers configured by SIB1, the same number of RSRP thresholds can be configured, and each SS-RSRP threshold can be associated with a transmission number. According to the gap between the measurement result and RSRP thresholds, the UE can determine an appropriate number of multiple PRACH transmissions. Of course, since there is no DL and UL interactions before PRACH transmission, there is some differences between Msg.3 repetitions and multiple PRACH transmissions: For Msg.3, whether to transmit Msg.3 with repetitions is decided at the gNB side; while, for PRACH enhancement based on our design, whether to transmit PRACH with repetitions should be decided at the UE side.
In addition, some companies mentioned in previous meetings that except for RSRP threshold(s), other conditions, e.g., the number of RACH attempt, the maixmum transmission power and so on, can also be used for the determination of number of multiple PRACH transmissions. However, from our perspective, we can’t see the necessity to introduce other conditions, which will bring non-negligible spec impact and require additional efforts. For example, in RAN2 spec, the RACH procedure is to select the set of PRACH resources at first, once the PRACH resources is selected, no changes are allowed during the RACH procedure, until the maximum number of RACH attmepts is reached, or the random access is successful. However, since single PRACH transmission and multiple PRACH transmissions utilize different sets of PRACH resources, if multiple PRACH transmissions is enabled after several RACH attempts, the resource set will be changed during RACH procedure, which has significant impact on RAN2 specfications. In addition, it will also incresase access delay and casue waste of UE power consumption. Therefore, just as Msg.3 repetitions, we recommend using RSRP threshold(s) as the only condition to determine the number of multiple PRACH transmissions.
Proposal 1: Configure an RSRP threshold for each number of multiple PRACH transmissions configured by the gNB.
Proposal 2: Don’t support conditions other than RSRP threshold(s) to determine the number of multiple PRACH transmissions.
Non-first RACH attempt
For the non-first RACH attempt, it is also necessary to consider how to determine the number of multiple PRACH transmissions. In short, there are two potential solutions: Option 1, the number of repetitions for subsequent RACH attempts is  determine by the comparison of SS-RSRP measurements with the RSRP threshold; Option 2, For subsequent RACH attempts, just follow the same number of multiple PRACH trasnmissions or decision as the first RACH attempt. Option 1 provides more accurate number of multiple PRACH transmissions for each RACH attempt. However, since different number of PRACH transmissions associated with different reosurce set, option 1 will bring additional spec impact on RACH procedure. Relatively speaking, option 2 is more reasonble for non-first RACH attempt, which is a simple and efficient way. 

Propsoal 3: For non-first RACH attempts, use the same number of PRACH repetitions as for the first RACH attempt. 
Relationship between RSRP threshold for multiple PRACH transmissions and for msg3 repetitions  
According to TR38.830[1], In urban 28GHz TDD NLOS O2I scenario, Msg3 PUSCH has -3.41dB gap from reference channel, while PRACH format B4 has -1.92dB gap from the reference channel. Consequently, Msg3 PUSCH has a worse coverage compared to PRACH format B4. In order to achieve better coverage, a higher RSRP threshold for Msg3 repetition is required than the RSRP threshold for multiple PRACH transmissions. But, from our point of view, the gNB can still configure separate thresholds for these two different features, and it is unecessary to forcibly associate these two RSRP thresholds together. It's just that when deciding on configurations of specific value for different RSRP thresholds, the gNB needs to consider the aforementioned relationship.
Table 1: Potential bottleneck channels for FR2
	Scenario
	Target metrics
	Channels (and Frame format)
	MIL

	
	
	
	Number of samples
	Representative value
	Standard Deviation (w/o outlier)
	Relative differ

ence vs. PUCCH Format 1

	Urban 28GHz TDD NLOS O2I
	Scenario dependent target
ISD=200m
	PUSCH eMBB DDDSU
	9
	125.31
	3.78
	-17.83

	
	
	PUSCH eMBB DDSU
	3
	123.94
	1.74
	-19.20

	
	
	PUCCH Format 3 11bits
	8
	142.27
	3.16
	-0.86

	
	
	PUCCH Format 3 22bits
	7
	139.18
	2.58
	-3.96

	
	
	PRACH Format B4
	6
	141.22
	5.70
	-1.92

	
	
	PUSCH of Msg3
	7
	139.72
	5.69
	-3.41


Proposal 4: Configure separate RSRP thresholds for multiple PRACH transmissions and Msg.3 repetitions by SIB1.
2.2 PRACH resources configuration 
For multiple PRACH transmissions, during the last RAN1 meeting, an agreement was made that multiple PRACH transmissions on separate RACH occasions (ROs) and shared RO with separate preambles are supported, which indicates that the separate PRACH configurations are introduced. Furthermore, one issue to be considered is 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. Some companies in previous meetings proposed to introduce a new mechanism to avoid long RACH latency. However, according to the WID[2], the enhancements of PRACH are targeting FR2, where the physical time duration of one slot is relatively short with large numerologies. Additionally, the random access delay has already been shortened compared to the PRACH retransmission mechanism in Rel-15. With proper configuration of SSB-to-RO mapping ratio, PRACH configuration index, FDMed ROs, and the number of SSBs in SSB burst, the random access delay can also be reduced. In other words, considering that this WI aims to enhance the PRACH coverage, the random access delay is not an urgent issue. Therefore, we recommend not to introduce any new mechanisms for separate PRACH configurations to avoid unnecessary specification impact.
Proposal 5: Reuse the existing mechansim for separate PRACH resource partitioning.

2.3 RO group determination 

We support specifying RO group to enable multiple PRACH transmissions. For the RO group determination, we believe the easiest and simplest approach is to implicitly determine it based on the network configuration. This is achieved by the following parameters, including, time and frequency start position, SSB-to-RO mapping, PRACH configuration index, number of FDMed ROs, RO validation rules, and the number of ROs within the RO group. Regarding the SSB-to-RO mapping, we recommend reusing the existing rule since we can’t see any necessity to introduce any new optimization that may impact the legacy RACH for shared RO cases.
Besides, to simplify the maintenance of the RO group set on the UE side and gNB side, we can introduce the RO group period. A set of RO group is repeated in the time domain in the same manner between any two periods. Similar to the SSB association pattern period, we can determine a maximum constraint value and several candidate values for period X, and the minimum value that satisfies the repetition conditions mentioned above can be determined as the value for period X. For the candidate value X, we believe at least a subset of values from the association period {1, 2, 4, 8,16} can be reused, whether any larger values are required should be further studied. Besides, for each SSB index, its first RO group in the first period X can be started at the first associated valid RO starting from frame 0.  
Proposal 6: RO groups are implicitly dedetermined by the following parameters, inclduing: time and frequency start position, SSB-to-RO mapping, PRACH configuration index, number of FDMed ROs, RO validation rules, and the number of ROs within the RO group.
Proposal 7: Reuse the legacy SSB-to-RO mapping rule and any further optimization is not supported.
Proposal 8: A set of RO group(s) for a configured number of multiple PRACH transmissions is determined within a time period X, starting from the first associated RO from frame 0 for each SSB index. The determined set of RO groups repeats every period X.
· For period X, at least a subset of values from the association period set {1, 2, 4, 8, 16} can be adopted, FFS whether any other larger values are needed.
2.4 Inter-RO hopping
For RO multiplexing mode for multiple PRACH transmissions, it has been agreed in previous RAN1 meeting that ROs at different time instances, i.e., TDMed ROs, can be utilized. However, there are still one issue need further discussion: whether different TDMed ROs at different frequency resources, i.e., inter-RO frequency hopping, can be utilized for multiple PRACH transmissions.
For this issue, some companies believe that, with frequency diversity gain, inter-RO frequency hopping is helpful for PRACH coverage enhancement. However, from our point of view, if an appropriate number of multiple PRACH transmissions is chosen, the coverage loss can be sufficiently compensated and the additional diversity gain is no longer necessary. In addition, the design of the inter-RO frequency hopping mechanism will also bring a heavy workload to the RAN1 speciation, which is not preferred by us.

Proposal 9: Don’t support inter-RO frequency hopping for multiple PRACH transmissions.  
2.5 RA-RNTI calculation
In the last RAN1 meeting, we have reached an agreement that 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. That is to say, only one RA-RNTI is required for RAR PDCCH monitoring within the RAR window. Most companies believe that using the first or last RO in a RO group to calculate the RA-RNTI for multiple PRACH transmissions is an easier and simpler approach. We give our anyalsis on these two options respectively, as illustrated in Figure 1. In the case of shared RO between different numbers of PRACH transmissions, if the last RO is used to determine the RA-RNTI (Case A), then the same RA-RNTI will be shared within the time duration of the entire RAR window for 4 and 8 PRACH transmissions. However, if the first RO is used (Case B), the same RA-RNTI is shared only within the time duration of a partial RAR window. Additionally, if the time domain duration of RO group 3 is greater than 10ms, i.e., greater than the RAR window duration, then no overlapping and no RA-RNTI collision will occur between the two RAR windows. Therefore, we prefer to choose the first RO to calculate the RA-RNTI to reduce unnecessary RAR PDCCH blind detection when the same RO is shared between different numbers of PRACH transmissions.
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Figure 1 RO determination for RA-RNTI calculation 
Proposal 10: Adopt the first RO for RA-RNTI calculation.
2.6 Power control
For the power control of multiple PRACH transmissions, we support to reuse the legacy mechanism. That is, the maximum transmission power is not compulsorily applied for the first RACH attempt. Based on this, power ramping is applied between different RACH attempts. While, in Rel-15, if a single PRACH transmission is omitted or the transmission power is reduced due to power allocation or due to resource collision with other channels, the power ramping counter is not incremented by 1, i.e., the power ramping is temporarily stopped for the next RACH attempt. For multiple PRACH transmissions in Rel-18, for example, the UE may determine eight PRACH transmissions based on RSRP comparison, but two transmissions may be omitted due to resource collision or power allocation. In this case, we need to study how to perform power ramping for the next RACH attempt. From the point view of coverage enhancement, if not all PRACH transmissions are omitted or not all PRACH transmissions’ power is reduced, the power ramping should not be suspended for the next RACH attempt.
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Figure 2 one PRACH transmission cancellation due to power allocation
Proposal 11: Support power ramping between different RACH attempts. 

Proposal 12: Consider how to perform power ramping for multiple PRACH transmissions when one or several transmissions omission or power reduction occurs.  
2.7 CBRA and CFRA 
The PRACH of CFRA suffers from the same coverage loss as CBRA, so we recommend to adopt multiple PRACH transmissions for both CBRA and CFRA. During the RRC_CONNECTED state, all CFRA cases, including beam failure recovery, RRC Reconfiguration with sync, DL data arrival when UL synchronisation status is "non-synchronised", and to establish time alignment for a secondary TAG, the accurate channel status can’t be obtained by the gNB. So, we suggest to adopt the same triggering mechanism of multiple PRACH transmissions for CFRA as for CBRA. 
Proposal 13: Support multiple PRACH transmissions for both CBRA and CFRA.
Proposal 14: For CFRA, support the same triggering mechanism of multiple PRACH transmissions as for CBRA.

3 Conclusion  
In this contribution, we discuss several technical issues to enhance the uplink coverage for PRACH. Based on the discussion, our views are summarized as follows.
Proposal 1: Configure an RSRP threshold for each number of multiple PRACH transmissions configured by the gNB.
Proposal 2: Don’t support conditions other than RSRP threshold(s) to determine the number of multiple PRACH transmissions.
Propsoal 3: For non-first RACH attempts, use the same number of PRACH repetitions as for the first RACH attempt. 
Proposal 4: Configure separate RSRP thresholds for multiple PRACH transmissions and Msg.3 repetitions by SIB1.

Proposal 5: Reuse the existing mechansim for separate PRACH resource partitioning.

Proposal 6: RO groups are implicitly dedetermined by the following parameters, inclduing: time and frequency start position, SSB-to-RO mapping, PRACH configuration index, number of FDMed ROs, RO validation rules, and the number of ROs within the RO group.
Proposal 7: Reuse the legacy SSB-to-RO mapping rule and any further optimization is not supported.
Proposal 8: A set of RO group(s) for a configured number of multiple PRACH transmissions is determined within a time period X, starting from the first associated RO from frame 0 for each SSB index. The determined set of RO groups repeats every period X.
· For period X, at least a subset of values from the association period set {1, 2, 4, 8, 16} can be adopted, FFS whether any other larger values are needed.

Proposal 9: Don’t support inter-RO frequency hopping for multiple PRACH transmissions.  
Proposal 10: Adopt the first RO for RA-RNTI calculation.
Proposal 11: Support power ramping between different RACH attempts. 
Proposal 12: Consider how to perform power ramping for multiple PRACH transmissions when one or several transmissions omission or power reduction occurs.  
Proposal 13: Support multiple PRACH transmissions for both CBRA and CFRA.
Proposal 14: For CFRA, support the same triggering mechanism of multiple PRACH transmissions as for CBRA.
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