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1. Introduction
In the last meeting, the criteria on how to differentiate single PRACH and multiple PRACH has been discussed in RAN1 and RAN 2. However, at least from our interpretation, the discussion in RAN1 and RAN2 seems not on the same page. Thus, we would like to provide our views on this issue. 
2. Discussion
2.1 Multiple PRACH transmissions and re-transmissions
	RAN2 #121b 
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)
Agreements
· General assumption is that various feature combinations can be configured (which is up to network implementation), unless explicitly specified otherwise
· RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS

RAN2 #122
Agreements
1) RAN2 to agree to configure multiple RSRP thresholds for different repetition numbers
2) The RSRP threshold(s) for triggering Msg1 repetition are configured per-BWP
Agreements
RAN2 to further discuss 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.

RAN1 FL’s Proposal 7-1 v5
For the first RACH attempt, the UE determines
· whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE reaches maximum transmission power.
if multiple PRACH transmissions are performed, the number of multiple PRACH transmissions based on SSB-RSRP threshold(s).



Our understanding to RAN2 #121b agreements is that msg1 with different repetition numbers {2, 4, 8} are treated as separate features, and each feature associates a RACH partition (i.e., RACH resource). For RAN2 # 122 agreements, if msg1 with a repetition number is supported, a corresponding RSRP threshold will be configured per BWP. For example, the base station may configures msg1-repetition2-RSRP-ThresholdSSB and msg1-repetition4-RSRP-ThresholdSSB to a UE or in the system information. If the SSB RSRP for random access is lower than msg1-repetition2-RSRP-ThresholdSSB, the UE can perform multiple PRACH transmission with 2 repetitions. If the UE detects the SSB RSRP for random access is lower than msg1-repetition4-RSRP-ThresholdSSB, the UE can perform multiple PRACH transmission with 4 repetitions. Otherwise, the UE performs single PRACH transmission.
According to RAN2 agreements, multiple PRACH with different repetition numbers are distinct features, and switching PRACH repetition number involves RACH resource (re)selection procedures. In this regard, the condition that a UE can switch the PRACH repetition number is when the random access is not completed (i.e., PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1) and the random backoff time expires.
Comparing to RAN2’s direction to determine the number of PRACH repetition or without repetition in one step, the discussion in RAN1 (i.e., FL’s proposal and summaries) tends to have a 2-step determination procedures. In the first step, the UE determines whether to perform single or multiple PRACH transmission based on a RSRP threshold (e.g., msg1-repetition-RSRP-ThresholdSSB). In the second step, if the UE is to perform multiple PRACH transmission, the UE determines the number of repetition according to other configured RSRP threshold(s).  
Observation 1: According to RAN2 agreements, determining to perform single PRACH transmission or multiple PRACH repetitions with a repetition number is based on a 1-stage determination procedure. UE determines to transmit PRACH with a number of repetitions or without repetition according to configured RSRP threshold(s), where each RSRP threshold associates to a PRACH repetition number.
Observation 2: According to RAN2 discussions, changing the number of repetition involves RACH resource (re)selection procedures. Thus, whether a UE can change the repetition number between RACH attempts may need RAN2’s input.
Proposal 1:  Whether a UE can change the number of PRACH repetitions between RACH attempts is up to RAN2 decision.
The sub-bullet in the feature lead’s proposal 7-1 mentioned that if the RSRP threshold of the “smallest” repetition number (e.g., 2) is not configured, the UE determines whether to perform single or multiple PRACH based on its transmission power. It implies the RSRP threshold of repetition 2 is “the RSRP threshold” (e.g., msg1-repetition-RSRP-ThresholdSSB) to determine whether to apply single or multiple PRACH transmission, and the transmission power is the default condition if “the RSRP threshold” is not configured. However, from specification perspective, it is more direct that the UE performs single PRACH transmission if “the RSRP threshold” is not configured. If only the RSRP threshold(s) for repetition 4 and 8 are configured, but the received RSRP is higher than these RSRP threshold(s), the UE may not know which repetition number to apply if the UE is to perform multiple PRACH transmission according to the transmission power.
Observation 3: Without an agreement states that the number of PRACH repetition can be determine according to UE’s transmission power, determining whether to perform single or multiple PRACH based on UE’s transmission power may lead to error cases.
To fix the issue, it would be preferred to have PRACH repetition 2 as a default configuration for multiple PRACH transmission. That is, when the RSRP satisfies the conditions for multiple PRACH transmission, the UE can perform multiple PRACH transmission with 2 repetitions regardless configured RSRP threshold(s) for repetitions. The UE can apply 4 or 8 repetitions if the detected RSRP is lower than the configured RSRP threshold(s) of these repetitions.
From our perspective, we prefer simpler design (refer to the Option-2 in the proposal 2 below) that the UE determines the number of PRACH repetitions or without repetition according to the configured RSRP threshold(s) directly. And the transmission power can be a different discussion. We know that some companies prefer that UE should reach maximum output power before jumping to multiple PRACH transmission. However, this mechanism limits the implementation flexibility and may lead to more power consumption to the UE. For example, it may force a high power UE to transmit single PRACH with a higher power instead of applying multiple PRACH repetitions. In this regard, we suggest to design a common decision criteria to all UEs, and leave the remaining decision to UE implementation. From the other perspective, the base station already can control the most part of the transmission power with proper RRC configuration, for example, p-MAX, SSB-RSRP threshold(s), power ramping step, and maximum preamble transmissions. Thus, there is no need to further restrict UE implementation.
Proposal 2:  For the first RACH attempt, the UE determines 
· Option-1: whether to perform single PRACH transmission or multiple PRACH transmissions if the UE transmission power reaches maximum output power PCMAX,f,c or the SSB RSRP is lower than the SSB-RSRP threshold for the multiple PRACH with 2 repetitions.
· If multiple PRACH transmissions are performed, the number of multiple PRACH transmissions is based on SSB-RSRP threshold(s). If there is no RSRP lower than the configured SSB-RSRP thresholds(s), the UE can apply 2 repetitions. 
· Option-2: whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold(s).
· Each SSB-RSRP threshold associates to a repetition number of {2, 4, and 8}. If no SSB RSRP is lower than the SSB-RSRP threshold(s), the UE applies single PRACH transmission.
· If multiple PRACH transmissions are performed, the UE determines the transmission power 
· Alt-1: using the maximum output power PCMAX,f,c
· Alt-2: based on the power ramping procedures 

3. Conclusion
Observation 1: According to RAN2 agreements, determining to perform single PRACH transmission or multiple PRACH repetitions with a repetition number is based on a 1-stage determination procedure. UE determines to transmit PRACH with a number of repetitions or without repetition according to configured RSRP threshold(s), where each RSRP threshold associates to a PRACH repetition number.
Observation 2: According to RAN2 discussions, changing the number of repetition involves RACH resource (re)selection procedures. Thus, whether a UE can change the repetition number between RACH attempts may need RAN2’s input.
Proposal 1:  Whether a UE can change the number of PRACH repetitions between RACH attempts is up to RAN2 decision.
Observation 3: Without an agreement states that the number of PRACH repetition can be determine according to UE’s transmission power, determining whether to perform single or multiple PRACH based on UE’s transmission power may lead to error cases.
Proposal 2:  For the first RACH attempt, the UE determines 
· Option-1: whether to perform single PRACH transmission or multiple PRACH transmissions if the UE transmission power reaches maximum output power PCMAX,f,c or the SSB RSRP is lower than the SSB-RSRP threshold for the multiple PRACH with 2 repetitions.
· If multiple PRACH transmissions are performed, the number of multiple PRACH transmissions is based on SSB-RSRP threshold(s). If there is no RSRP lower than the configured SSB-RSRP thresholds(s), the UE can apply 2 repetitions. 
· Option-2: whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold(s).
· Each SSB-RSRP threshold associates to a repetition number of {2, 4, and 8}. If no SSB RSRP is lower than the SSB-RSRP threshold(s), the UE applies single PRACH transmission.
· If multiple PRACH transmissions are performed, the UE determines the transmission power 
· Alt-1: using the maximum output power PCMAX,f,c
· Alt-2: based on the power ramping procedures 
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