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Introduction
In RAN2 #105bis, RAN2 send the LS [1] to RAN1 and asked some early information about power ramping for MsgA transmission. In the last RAN1 #97, RAN1 fallback the LS[2] regarding the power ramping of MsgA PRACH during MsgA (PRACH + PUSCH) retransmission. In this paper, we discuss the power control procedure for 2-step RACH based on the RAN1 LS. 
Discussion
RAN1 made the following agreement on the MsgA PUSCH transmission power[2]. 
	[bookmark: _Hlk16154200][bookmark: _Hlk8932679]During MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance  is , where

·  is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
· [Working Assumption] The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.
· FFS: cell-specific MsgA PUSCH alpha.
· For the downlink pathloss estimate for MsgA PUSCH power control, the UE uses the same RS resource index as that used for the corresponding MsgA PRACH
· The power ramping component is given by;

· Where,  is the requested ramp up from higher layers
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 



[bookmark: _Hlk16758681]In the legacy 4-step RACH procedure, UE initiates the preamble transmission, receives the RA respondence and then configures its msg3 transmission power based on the power offset relative to preamble power indicated in PDCCH for RA respondence reception. However, for the 2-step RACH, the UE assembles both preamble and [MSGA]PUSCH  information in msgA for the first step and there is no additional power control parameters for this [MSGA]PUSCH. Therefore, except for the original configuration for preamble transmission, (e.g. RO resource, preamble index set, peambleReceivedTargetPower) , some extra configurations are also needed to be configured in SIB, RRC re-configuration message to determine the [MSGA]PUSCH transmit power for 2-step RACH:
· PUSCH power offset relative to the preamble received target power
· powerRampingStep for [MSGA]PUSCH once physical layer concludes this parameter is different from that of preamble.
· MCS for [MSGA]PUSCH to help physical layer determine 
[bookmark: _Hlk16759072]Proposal 1: It is proposed to contain three extra parameters in SIB and RRC-reconfiguration message to determine [MSGA]PUSCH transmit power, including PUSCH power offset relative to preamble received target power, [MSGA]PUSCH power ramping step and [MSGA]PUSCH MCS.
For 2-step RACH, UE applies the parameters configured in SIB, RRC reconfiguration or PDCCH order and performances the random access msgA transmission procedure. It is noted that although RAN2 hasn’t reached a consensus about the 2-step fallback scheme, most companies support to fallback to 4-step RACH once the preamble is successfully decoded while the [MSGA]PUSCH fails. Therefore it could be assumed that the UE selects the 2-step RACH only when both the preamble and the PSUCH in msgA fail or when UE initiates RACH transmission for the first time. 
Observation 1: UE selects the 2-step RACH only when both the preamble and the PSUCH in msgA fail or when UE initiates RACH transmission for the first time. 
Based on the above observation, UE will always transmit the preamble and legacy msg3 information in msgA for 2-step RACH. The main differences between the 2-step and the 4-step include: 
1) transmission counter identification
2) power counter identification
3) additional UE variables used for the Random Access procedure
4) UE behaviours once PUSCH reaches its maximum output power, Pcmax while preamble could still increase its transmission power.
For the 2-step RACH transmission counter, it is proposed to reuse the same transmission counter identification in the legacy 4-step RACH, since for the 2-step, UE always transmits preamble with [MSGA]PUSCH in every transmission and the transmission counter for preamble and PUSCH is the same. One common transmission counter is enough.
Observation 2: For 2-step RACH, one common transmission counter for preamble and [MSGA]PUSCH is enough.
For the [MSG]PUSCH power counter, whether reuse the same preamble counter or not is based on the physical layer, which is still under consideration. We could identify [MSG]PUSCH power counter once physical layer finish the study.
To help physical layer determine PUSCH transmission power, additional three UE variables are needed, including the PUSCH power offset relative to the preamble power, the PUSCH MCS and the total PUSCH power ramping i.e. the (MSGAPUSCH _POWER_RAMPING_COUNTER – 1) × MSGAPUSCH _POWER_RAMPING_STEP.
[bookmark: _Hlk16771730]Observation 3: For 2-step RACH, MAC layer should configure additional three UE variables to help physical layer define PUSCH transmission power, including PUSCH_POWER_RAMPING, PUSCH_POWER_OFFSER and PUSCH_MCS.
According to physical layer LS, PUSCH transmission power is higher than preamble transmission power. Therefore, one main difference between 2-step and 4-step RACH power control is the UE behaviour when [MSGA]PUSCH reaches its maximum output power while preamble could still increase its transmission power after the last unsuccessful msgA attempt.
Observation 4: The main difference between 2-step and 4-step RACH power control procedure is the UE behaviour when [MSGA]PUSCH reach its maximum output power while preamble could still increase its transmission power after the last unsuccessful msgA attempt.
There are two options for UE under this case when the transmission counter doesn’t reach the maximum requirement:
1) fallback to 4-step
2) increase Preamble transmission power by POWER_RAMPING_STEP while maintaining PUSCH maximum output power in the next msgA transmission attempt
For option1, fallback to 4-step RACH will avoid the potential PUSCH resource collision and help UE reduce power consuming. Although physical layer haven’t reached consensus about the [MSGA]PUSCH resource configuration, there is a common agreement that two or more UE may select the same [MSGA]PUSCH resource. Once UE fallback to 4-step RACH, the possible [MSGA]PUSCH collision to the other 2-step RACH UE could be avoided since the msg3 resource for 4-step RACH is configured by the network and is exclusive. Moreover, when UE fallback to 4-step RACH, network will schedule more suitable PUSCH resources and help UE reduce the UE transmit power and save power consuming.
For option2, the new msgA attempt may be successfully decoded only when the last preamble transmission fails because of the lack of transmit power or collision and the [MSGA]PUSCH fails because of the resource collision. Another new msgA attempt will help reduce the PUSCH resource collision probability after random time back-off. Then the new msgA attempt may success even if it still transmits at the fixed maximum output power without any power ramping.
Compared with option1, for option 2, msgA is less likely to success and consumes higher power. We suggest to adopt option1 when the [MSGA]PUSCH reaches its maximum output power.
Proposal 2: It is suggested to go back to 4-step RACH when the [MSGA]PUSCH reaches its maximum output power to reduce potential PUSCH resource collision and power consuming. 
Then based on the above analysis, the 2-step msgA transmission procedure including the power control scheme is shown below. The difference between 2-step and legacy 4-step RACH are emphasized in italics.
	The MAC entity shall, for each msgA transmission:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter both for preamble and PUSCH in msgA has not been received from lower layers; and
1>	if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	select the value of DELTA_PREAMBLE according to subclause 7.3;
1> set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP;
1> set PUSCH_POWER_RAMPING to (MSGAPUSCH _POWER_RAMPING_COUNTER – 1) × MSGAPUSCH _POWER_RAMPING_STEP. PUSCH_POWER_RAMPING.
1> set PUSCH_POWER_OFFSER to PUSCH power offset relative to the preamble received target power
1> set PUSCH_MCS to the MCS configured by RRC layer to help physical layer determine ∆_TF (i) parameter
1>	except for contention-free Random Access Preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
1> instruct the physical layer to transmit the Random Access Preamble using the selected PRACH occasion, corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
1> instruct the physical layer to transmit the msgA message using the selected PUSCH resource corresponding C-RNTI (if available), Contention Resolution ID(if available), PUSCH_POWER_RAMPING, PUSCH_POWER_OFFSER and the PUSCH_MCS
1> if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1> if the notification of suspending [MSGA]PUSCH power ramping counter has been received from lower layers; 
2>	fallback to 4-step RACH.




Proposal 3: We suggest RAN2 to consider the above msgA transmission procedure for 2-step RACH.
[bookmark: _GoBack]Conclusion
In this paper, we analyze the difference for power control procedure between 2-step RACH and legacy 4-step RACH and give the following conclusions.
Observation 1: UE selects the 2-step RACH only when both the preamble and the PSUCH in msgA fail or when UE initiates RACH transmission for the first time.
Observation 2: For 2-step RACH, one common transmission counter for preamble and [MSGA]PUSCH is enough.
Observation 3: For 2-step RACH, MAC layer should configure additional three UE variables to help physical layer define PUSCH transmission power, including PUSCH_POWER_RAMPING, PUSCH_POWER_OFFSER and PUSCH_MCS.
Observation 4: The main difference between 2-step and 4-step RACH power control procedure is the UE behaviour when [MSGA]PUSCH reach its maximum output power while preamble could still increase its transmission power after the last unsuccessful msgA attempt.
Proposal 1: It is proposed to contain three extra parameters in SIB and RRC-reconfiguration message to determine [MSGA]PUSCH transmit power, including PUSCH power offset relative to preamble received target power, [MSGA]PUSCH power ramping step and [MSGA]PUSCH MCS.
Proposal 2: It is suggested to go back to 4-step RACH when the [MSGA]PUSCH reaches its maximum output power to reduce potential PUSCH resource collision and power consuming. 
Proposal 3: We suggest RAN2 to consider the msgA transmission procedure for 2-step RACH listed in this contribution.
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