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1 Introduction
RAN1#96bis has discussed 2-step RACH procedure and reach the following agreement:
	For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.

· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.

· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.


RAN1#97 discussed the power control function and send an LS in [1] to RAN2. This contribution discusses the power control for MsgA from RAN2 point of view.
2 Discussion
2.1 Specification aspects for power control for PUSCH

First, one issue is where to specify power control for PUSCH, either in the MAC spec or PHY spec. In LTE or legacy R15 NR, the power control of PRACH is specified partially in MAC spec and partially in PHY spec, while PUSCH for msg3 is specified in the PHY. The reason is that at the UL grant reception in RAR, TPC is included and PHY is a proper place to specify this.

While for 2-step RACH, msgA preamble and payload in PUSCH are transmitted in one trip without any interaction with the gNB and TPC received.  Hence, we propose that power ramping in open loop power control for PUSCH in msgA is specified in MAC spec as for the power ramping for preamble.
Proposal 1: Power ramping in open loop power control for PUSCH in msgA is specified in MAC specification.
While after receiving TPC from the network, we think the power control of PUSCH should be performed in the PHY, like in LTE and R15 NR. 
2.2 Initial power for PRACH and PUSCH
Before RA procedure, UE acquires the parameter of preambleReceivedTargetPower via SIB and determines the initial power of preamble. If this initial power is too low, the preamble could not be decoded correctly, and UE shall retransmit preamble with higher power.

In 4-step RA, UE calculates the power of msg3 based on the power of last preamble transmission and the offset, which means gNB has received the preamble and decoded successfully. That is to say, the base of preamble power is reliable.
According to the LS from RAN1 [1], the following agreement has been made:
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For 4-step RA, only the preamble is retransmitted, but for 2-step RA, both preamble and msgA PUSCH shall be retransmitted, which leads more waste for wireless resource. So, it is well motivated that the parameter of preambleReceivedTargetPower shall be set to a higher value to make the msgA more robust than the msg1.

In 2-step RA, the MsgA transmission power is determined by the preamble transmission power and the Power offset between preamble transmission and msgA PUSCH. However, this preamble has not been decoded successfully by gNB yet, so the base of preamble power is not reliable as that in 4-step RA. This difference is illuminated in figure 1. Also, in order to acquire the same level of reliability as msg3, a higher value of delta offset for 2-step RA is a better choice. So the independent delta offset between preamble and msgA is proposed in RAN1.
Based on the RAN1 agreement in the LS, we make the following proposal:

Proposal 2: The PreambleReceivedTargetPower, delta offset between preamble and msgA payload are independently configured from 4-step RACH.
2.3 Power ramping

Furthermore, the following agreements have been made in RAN1 according to the LS:
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Furthermore, RAN1 discussed the suspension of power ramping counter when retransmitting MsgA.
and if MsgA preamble is associated with a different SSB than the latest MsgA preamble transmission.
The suspension of the power ramping counter for this scenario in case of 4-step RACH is described in
the RAN2 specifications. It is up to RAN2 to agree on a similar behavior for 2-step RACH.




Based on the above agreement, we can observe that the agreed mechanism in R16 2-step RACH is the same as R15 NR. When the 
Proposal 3: Power ramping for PRACH is not increased when change of SSB and spatial filter, as in R15.
In [1], during MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance [image: image4.png]
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, where
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 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.

· The power ramping component is determined by the  [image: image11.png]Arampuprequested



, which is the requested ramp up from higher layers. There are 3 alternatives in [1].
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH

· Alt2: 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
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These 3 alternatives are summarized in table 1:

Table 1: Ramp up for MsgA PUSCH and MsgA PRACH
	
	Ramp step
	counter

	Alt 1
	same
	same

	
	same
	different

	Alt 3
	different
	Same

	Alt 2
	different
	different


From RAN2 point view, the duration between msgA PRACH and msgA PUSCH is very small, so it seems not possible for UE to modify the SSB in this small gap, which means the power of msgA preamble and msgA PUSCH always ramp up together. Therefore, the same counter is proposed.
If same counter is applied, the next issue is the ramp step. There are 2 alternatives in table 1: alternative 1 and alternative 3. 
· Alternative 1: same ramp step
For alternative 1, the same power ramp step is applied to preamble and msgA PUSCH. For the first RA attempt, UE calculates the power of preamble is Power_P1, and the power of msgA PUSCH is Power_P1 + delta. For the second RA attempt, the power of both these 2 parts ramp the same value. In this case, the parameter of delta always denotes the power difference between preamble and msgA PUSCH.
· Alternative 3: different ramp step
For alternative 3, the different power ramp step is applied to preamble and msgA PUSCH. For the first RA attempt, UE calculates the power of preamble is Power_P1, and the power of msgA PUSCH is Power_P1 + delta. For the second RA attempt, the power of both these 2 parts ramp according to the different value. As a result, the power of preamble ramps to ‘power_P1 + Ramp’, and the power of msgA PUSCH ramps to ‘(Power_P1 + delta) + Ramp’’. In this case, the parameter of delta only denotes the power difference between preamble and msgA PUSCH for the first attempt.
Considering the orthogonally of preambles, the power ramping leads to higher probability of success decoding without too much interference to other UEs. If the common ramp step is applied to both preamble and msgA PUSCH, it is difficult to determine this ramp step. If this ramp step is set to a high value, msgA PUSCH with high power may lead interference to other UEs. If this ramp step is set to a low value, the low power of msgA preamble is not benefit to decoding. 

Based on the analysis above, alternative 3 is proposed.
Proposal 4: The power ramping step for 2-step RACH PUSCH and preamble is separately configured.
Apart from powerRampingStep and preambleReceivedTargetPower, the third variable of PREAMBLE_POWER_RAMPING_COUNTER is also related to power determination for 2-step RA. This variable denotes the power ramping in 4-step RA, and could be reused in 2-step RA.
Proposal 5: RAN2 confirm that UE variable PREAMBLE_POWER_RAMPING_COUNTER for the 4-step RACH can be reused for 2 step RACH if the same beam is used for PUSCH and PRACH in msgA.
3 Conclusion
Base on the analysis above, we propose the following:
Proposal 1: Power ramping in open loop power control for PUSCH in msgA is specified in MAC specification.

Proposal 2: The PreambleReceivedTargetPower, delta offset between preamble and msgA payload are independent configured from 4-step.
Proposal 3: Power ramping counter is not increased when change of SSB and spatial filter, as in R15.
Proposal 4: The power ramping step for 2-step RACH PUSCH and preamble is separately configured.
Proposal 5: RAN2 confirm that UE variable PREAMBLE_POWER_RAMPING_COUNTER for the 4-step RACH can be reused for 2 step RACH if the same beam is used for PUSCH and PRACH in msgA.
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