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1. Introduction

Similar to RACH procedure in LTE, it is agreed that NR also supports msg1. retransmission and the followings are the agreements on the power ramping in case msg. 1 retransmission. 

	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

Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
· RAN1 will definitely decide above FFS point


According to the agreements on the power ramping during two meetings, we discuss further on the PRACH power control mechanism. 
2. RACH power control
1) PRACH Power Ramping
During RACH message 1 retransmission in a multiple beam environment, UE may have a freedom whether or not to switch its transmission beam direction. If the UE retransmits RACH message 1 with the same beam direction, UE ramps up its transmission power with a certain step. If the UE transmits RACH message 1 with a different transmission beam direction, the UE’s transmission power for the retransmission is kept the same. 

In general, UE with beam correspondence will ramp up its transmission power per every PRACH retransmission since the UE does not necessarily switch its transmission beam direction during RACH procedure. On the other hand, if a UE does not have a capability with beam correspondence, the UE is likely to give a priority to increase transmission power level in order to minimize the initial access latency. In other words, the UE may prefer to increase its transmission power first and then tries to find the best fitted beam direction next. This kind of behavior may cause severe interference to other cell/UE or results in selection of sub-optimum transmission beam direction during RACH procedure. Moreover, the UE with beam correspondence may be penalized by this kind of behavior of UEs without beam correspondence and finally this may lead a poor RACH performance. 
Hence, the PRACH power control mechanism should be defined with more details in order not to allow the selfish operation. On the other hand, it is noted that RAN1 will definitely decide how to deal with the selfish operation, i.e. UE may ramps up first up to the maximum transmission power and then sweep its transmission beam to find the suitable beam with the maximum power. Strictly speaking, either UE or network does not exactly know whether the UE reaches to the maximum UE transmission power for PRACH message 1 transmission. Considering RACH power control formula defined in LTE, UE transmission power is determined based on the DL path loss estimation and the target received power at the gNB. Though the transmission power is bounded by the Pc,max , but if we introduce any solution to prevent the selfish behavior, it should not be limited to a case after UE transmission power reaches the maximum power. Therefore, the solution to avoid misbehavior which may cause severe interference should not be limited to the case when UE reaches maximum transmission power. Rather, the interference should be managed well from the very earlier stage before the RACH preamble transmission power reaches a certain level. 
In the following, we propose potential solutions to complement the shortcoming or prevent selfish operation.
· Option 1. Handling on the power ramping counter if the condition is met 
· The condition : UE transmission power reaches Plimit, where Plimit,is configured by the network
· Power ramping counter is decreased by certain level(e.g. ramping counter is reset or half, ramping counter is calculated by minus operation by k, k is configured by the network) 
· Alternatively, transmission power profile per beam is recorded and transmission power per beam should not be more than a certain level(Ps, Ps is configured by the network) from the lastly transmitted power level with the beam 
· Option 2. Restriction on the UE beam switching operation
· UE (without beam correspondence) can use the same beam at most N-times successively, N is configured by the network 
· After using the beam N-times, UE shall change its beam direction for RACH msg.1 transmission 
Option 1 prevents UEs (who perform power ramping first without beam-sweeping) from conducting beam sweeping while maintaining maximum transmission power. However, this scheme gives unnecessary penalty to non-selfish UE (who performs beam sweeping first before power ramping). Therefore, it is preferable to provide some restrictions on UE beam switching operation. In other words, UE is not allowed to ramp up its transmission power more than N step successively, if the UE ramp up the power with a certain level the UE shall switch its transmission beam direction. 

In the end, UE beam switching during retransmission is no more pure UE implementation but the behaviour should be specified in order to properly manage UL interference caused by RACH msg. 1 transmissions.  
Proposal 1. When UE without beam correspondence needs beam sweeping, UE should switch beam direction after at most N-times successive transmission of PRACH message 1 in same direction
2) RACH resource selection

In multi-beam scenario, UE should select a RACH time/frequency resource based on downlink beam quality before PRACH message 1 transmission, where each RACH time/frequency resource is associated with a SS block for reporting downlink beam acquisition information. For RACH time/frequency resource selection, two options can be taken into account.
· Option 1. RACH time/frequency resource is selected only at initial transmission of PRACH message 1.

UE transmits PRACH preamble over same RACH resources in order to refrain from ping-pong effect among RACH resources. However, when downlink beam quality is abruptly changes, UE keeps transmitting PRACH preamble in wrong direction during RACH procedure, which occurs high interference to other cells or UEs. Therefore, with option 1, some conditions and operation need to be defined to prevent high interference from RACH preamble transmission. (e.g. RACH procedure is terminated or power ramping counter is reset when RSRP of target SS block is X dB higher than RSRP of SS block associated with the selected RACH resource)
· Option 2. RACH time/frequency resource is selected whenever PRACH message 1 is retransmitted

UE selects PRACH resource in order to transmit PRACH preamble through the best beam irrespective of initial transmission or retransmission, which can make it possible to minimize the latency. However, when downlink beam quality is changes after lots of retransmission, UE selects other RACH resource and transmits PRACH preamble through the RACH resource with too excessive transmission power. Therefore, it may be needed to decrease power ramping counter by some amount when PRACH resource is changed, which is not aligned with the agreement for power ramping of PRACH message 1.
Proposal 2. RACH resource is selected only at initial transmission of PRACH message 1, and PRACH procedure is terminated or PRACH power ramping counter is reset when some condition is met (e.g. RSRP of target SS block is X dB higher than RSRP of SS block associated with the selected RACH resource)
3) Power control of message 3
In LTE, transmission power of PRACH message 3 is determined by initial transmission power of PRACH message 1 and delta value signaled from RACH response message. Basically, same power control scheme with LTE can be reused in NR system.

Proposal 3. Basically power control scheme for PRACH message 3 in LTE system is reused for NR system, and dynamic power offset can be signaled through RAR in multi-beam scenario

3. Conclusion
In this contribution, the details of power ramping operation were discussed in order to protect high interference from RACH preamble transmission, and we proposed as followings
Proposal 1. When UE without beam correspondence needs beam sweeping, UE should switch beam direction after at least N-times successive transmission of PRACH message 1 in same direction
Proposal 2. RACH resource is selected only at initial transmission of PRACH message 1, and PRACH procedure is terminated when some condition is met (e.g. RSRP of target SS block is X dB higher than RSRP of SS block associated with selected RACH resource)

Proposal 3. Basically power control scheme for PRACH message 3 in LTE system is reused for NR system, and dynamic power offset can be signaled through RAR in multi-beam scenario
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