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Introduction
From RAN1#88bis meeting [1], the following agreements related to power ramping in NR RACH procedure are draw:

Agreements:
· Update previous meeting as follows:
· For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation

Companies are encouraged to perform further analysis and evaluations. Revisit next meeting.
This contribution considers aspects of power ramping in NR 4-step random access procedure for multi-beam operations, especially when UE switches its UL Tx beam. 
Discussions
In multi-beam RACH procedure, when one UE intends to do RACH re-attempt (a.k.a. Msg. 1 re-transmission in previous discussion), four alternatives of power ramping counter behavior when UE decides to change the beam are given as follows:
Alt 1: the counter of power ramping is re-set.
Alt 2: the counter of power ramping remains unchanged.
Alt 3: the counter of power ramping keeps increasing.
Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
	Alt 1
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam A)
	(Beam A)

	Alt 2
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam A)
	(Beam A)

	Alt 3
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam A)
	(Beam A)

	Alt 4
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam A)
	(Beam A)


Time of RA Procedure


Alt. 1 requires the UE to re-set the power level when UE switches the UL Tx beam. The intention is to prevent UE from using too large power when it changes its beam. However, the problem is that whether or which beam switching to is totally up to UE, so it’s possible that UE will switch back to the beams it used before. As shown in the above table, the alt.1 still requires the UE the reset the power when UE switches back the beam A, which seems unreasonable and will cause extra access delay. 
However, on the other hand, the Alt.4 intends to access the UE with less power consumption for each RACH attempt. Comparing to alt.1, the alt. 4 may looks more reasonable but it requires maintaining power ramping counter for every UL Tx beam that UE has, where the per-beam counter complicates the RA operation. For example, when UE switches back to the beam A, it needs to go finding the power ramping counter for beam A. That’s to say, the operation complexity is obviously increased by such alternative.
Alt-3 is an aggressive solution wherein a UE can access the network faster and hence reduce the access latency. When looking at one particular UE, the interference that is caused by alt. 3 might be trivially higher than the rest alternatives. But note that the alt.3 could allow UEs access the network sooner which indicates that alt.3 could keep less “interferers” in the PRACHs, e.g., for nth time system has 10 UEs, and for n+1th time, by using alt.3, 5 UE gets accessed and 5 UE remained, by other alternatives, it could be 3 UE gets accessed and 7 UE remained. So that interference level of other alternatives cannot be justified to be lower than that of alt.3 which some further study may be needed. Nonetheless, when a UE has several beams, the UE might be soon reaching the maximal power and consuming more power when it continuously increases power for every beam switch. 
Hence the Alt-2 looks like a balanced choice among complexity, access delay and power consumption. 
Proposal 1: Choose Alt-2 when UE switches its UL Tx beam during RACH re-attempt.
Note that the UE could operate a new DL measurement during the RACH procedure, so the information like path loss could be updated. For example, previous transmit power is  and the UE conducts a new DL measurement, the calculated transmit power become, includes the latest DL measurement and one more  is due to the RACH re-attempt.
Conclusion
In this contribution, discussions on power ramping for NR 4-step RACH are presented. In particular, the following are proposed:
Proposal 1: Choose Alt-2 when UE switches its UL Tx beam during RACH re-attempt.
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