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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[1]. 

	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
Agreements:
· The UE calculates the PRACH transmit power for the retransmission at least based on the most recent estimate pathloss and power ramping

· The pathloss is measured at least on the SS block associated with the PRCH resources/preamble subset

· UE behavior when reaching the maximum power

· If the recalculated power is still at or above the Pc,max

· The UE can transmit at maximum power even if it changes its TX beam


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) Negotiation of transmission beams between L1 and L2 within UE 
Current RAN1 discussion/decision on the power ramping on RACH msg.1 is focused on the UE transmission beam without clear definition. It is decided that if UE conducts beam switching, the counter of power ramping remains unchanged. However, network does not have any information on the UE transmission beam and it looks like purely UE an implementation issue but in order to define UE behavior on PRACH retransmissions and calculate the transmission power, anyhow we need the definition of UE transmission beam.
It should be negotiated between L1 and L2 within a UE on the transmission beam set, which can be different per UE and the number of beams in the set is related with the capability of beam correspondence at UE side. When UE decide the best or preferred SS block for RACH, then UE needs to determine its transmission beam direction. If the UE does not have the beam correspondence capability, the UE need to try several directions on the target SS block. A number of beams that UE can try RACH transmission targeting a SS block is notated as “transmission beam set” in this document. Transmission beam set is determined based on the SS block and if a UE has the perfect beam correspondence capability, there can be only one transmission beam within a transmission beam set. Depending on the level of beam correspondence a UE has, the number of beams within a transmission beam set is varied, the poorer the capability, the more number of beams per SS block. 

If there are multiple of negotiated transmission beams targeting the selected SS block, power ramping counter is preferably increased after UE tried all the beams in the beam set. 

During the RACH procedure, UE may reselect RACH resource targeting different SS block form the initially selected one due to change of quality of SS blocks. Since the targeting SS block is changed, UE has to update the transmission beam set. With the update of the transmission beam set, transmission beams in the beam set are also updated. 

Observation 1: Negotiation on the UE transmission beams between L1 and L2 is needed first in the very initial state of RACH procedure and every instance of RACH resource reselection. 

Proposal 1: Use the notion of transmission beam set per SS block and transmission beams within the set. 

2) Conditions/Motivations of UE transmission beam switching 
Different from LTE, RACH procedure in NR is being designed keeping the UE transmission beam switching in mind. The main factor of happening beam switching considered is UE’s capability of beam correspondence. When a UE without beam correspondence attempts random access to a network, the UE may try to transmit PRACH preamble with different transmission beam from the previously used one if the former trial is failed. In case UE switches it transmission beam for PRACH retransmission, it is agreed that power ramping counter is kept remained seeking the balance between latency and the other cell interference. 
However, in multi-beam environments, beam switching during the RACH procedure happens frequently not only because of UE’s capability of beam correspondence but also because of receiving beam tracking and reselection of RACH resource (i.e. DL SS block, beam). In short, following cases are the main reason of UE beam switching:
Observation 2: Transmission beam switching happens not only because of lack of UE’s beam correspondence. Three main reasons of UE beam switching exist; 

1) Case 1: Due to lack of UE’s capability of beam correspondence 

2) Case 2: Due to receiving beam tracking
3) Case 3:Due to gNB’s receiving beam change, i.e. reselection of RACH resource

First of all, it should be clarified whether the agreements on the power ramping during RACH should be applied for all of the listed three cases. Clearly, they should not be applied to the case 2, where UE beam can be changed due to receiving beam tracking. Even in case UE with perfect beam correspondence, transmission beam switching can be frequently occurred with this reason and the agreements should not be applied in this case. 
UE beam switching can happen if UE reselects RACH resource for PRACH retransmission during RACH procedure when UE sees a SS block with better RSRP quality than the one used for previously selected, i.e. case 3. It should also be decided whether to keep or increment the power ramping counter in this case. Strictly speaking, beam switching in this case(case 3) is not only the transmission beam change but also transmission beam set update as a whole. Therefore, it is more preferable that power ramping counter is increased for PRACH retransmission. As for the case 1, similar to the LTE, power ramping counter should be incremented every PRACH retransmission instance, in other words, power ramping counter is incremented for PRACH retransmission without respect to UE transmission beam switching in case 1. In addition, transmission power per SS block should be assumed to be the same over all of the SS blocks. 
Proposal 2: Decide whether the agreements on the power ramping during RACH procedure are applied for all cases caused by different reasons, as follows:
· Power control mechanism keeping the power ramping counter when beam switching happens is applied only for the case 1, i.e. only for UEs without beam correspondence, for the purpose of UE beam sweeping for PRACH retransmissions. 

· Power ramping counter is incremented without respect to UE beam switching caused by Case 2 and 3 during PRACH retransmission. 
3) RACH power control mechanism 

In LTE, PREAMBLE_TRANSMISSION_COUNTER is used to calculate PRACH preamble transmission power ramping and the number of retransmissions. However, NR adopts a power ramping counter for PRACH message 1 retransmission and the ramping counter keeps unchanged in case UE switches its transmission beam, so we need one more counter to compute the number of retransmissions, which is incremented by 1 whenever UE (re)transmits PRACH preamble messages 1. If the transmission counter reaches to the maximum number of retransmission (e.g. M, M is configured by the network), UE shall terminate the RACH procedure. 

Proposal 3: Define one more counter to compute the number of PRACH retransmission, as preamble transmission counter, which only counts the transmission number and is incremented by 1 per PRACH retransmission irrespective of beam switching.
In the above, we discussed the case of UE beam switching and the motivation of the agreements on the power ramping counter values. A UE without beam correspondence may have multiple of transmission beams per transmission beam set. When the UE retransmits PRACH preamble, the UE is allowed to change its beam and the power ramping counter is not reset but the power ramping counter is kept the same in order not to penalize the UE. With this allowance(i.e. keeping the power ramping counter even though it is the first trial of the PRACH transmission on that selected beam direction), there should be an additional constraint that the UE is allowed to ramp up the ramping counter only after it tries all beams within the transmission beam set. Otherwise, network interference is not manageable. What this additional constraint implies is that if a UE is configured multiple transmission beams in the transmission beam set, UE needs to try all of the beams before ramping up the ramping counter. 

Otherwise, we may consider that UE without beam correspondence can use the same beam at most N-times successively, by incrementing power ramping counter successively. After using the beam N-times, UE shall change it beam direction for RACH msg. retransmission. N can be configured by the network, or N can be the number of transmission beam in the transmission beam set. In other words, UE is not allowed to ramp up its transmission power more than N step successively. 
Proposal 4: 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.
4) 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 by RAR. Basically, same power control scheme with LTE can be reused in NR system.

3. Conclusion
In this contribution, the details of power ramping operation were discussed and our observations and proposals are as follows:
Observation 1: Negotiation on the UE transmission beams between L1 and L2 is needed first in the very initial state of RACH procedure and every instance of RACH resource reselection. 

Observation 2: Transmission beam switching happens not only because of lack of UE’s beam correspondence. Three main reasons of UE beam switching exist; 

1) Case 1: Due to lack of UE’s capability of beam correspondence 

2) Case 2: Due to receiving beam tracking
3) Case 3:Due to gNB’s receiving beam change, i.e. reselection of RACH resource

Proposal 1: Use the notion of transmission beam set per SS block and transmission beams within the set. 

Proposal 2: Decide whether the agreements on the power ramping during RACH procedure are applied for all cases caused by different reasons, as follows:
· Power control mechanism keeping the power ramping counter when beam switching happens is applied only for the case 1, i.e. only for UEs without beam correspondence, for the purpose of UE beam sweeping for PRACH retransmissions. 

· Power ramping counter is incremented without respect to UE beam switching caused by Case 2 and 3 during PRACH retransmission. 

Proposal 3: Define one more counter to compute the number of PRACH retransmission, as preamble transmission counter, which only counts the transmission number and is incremented by 1 per PRACH retransmission irrespective of beam switching.

Proposal 4: 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.
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