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Introduction
Power control mechanism is a key feature to control the unexpected interference in UL and improve power efficiency of UEs. RAN1 has discussed the power ramping for Msg.1’s retransmission in several meetings and the following agreements have been achieved [1][2][3]:
	
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 PRACH 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

To be discussed further:
· Is the UE required to select the PRACH resources based on the SS block received with the highest SS block RSRP?
· Is the UE is allowed to change SS block used for the pathloss estimate for retransmission?
Continue discussions in the next meeting


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:
· 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



Based on the above agreements, we further discuss the above FFS part and some other open issues of power control for Msg.1 and Msg. 3 during the initial access. 
Discussion
Power Control of Msg. 1 Transmission
Since NR may be with multiple SS blocks carried by multiple beams, UE needs to measure SS blocks and select a best or a good enough DL Tx beam as the target one for initial access. In order to indicate this target DL Tx beam to NW, UE will select and transmit a preamble associated with the target DL Tx beam.
In RAN1 NR Ad Hoc #2 in Qingdao, it was agreed that the pathloss for PRACH transmit power control is measured at least on the SS block associated with the PRACH resources/preamble subset. Meanwhile, there are still two remaining questions:
· Q1: Is the UE required to select the PRACH resources based on the SS block received with the highest SS block RSRP?
· Q2: Is the UE is allowed to change SS block used for the pathloss estimate for retransmission?

The first question is discussed in our companion contribution [5]. 

In LTE system, the pathloss measurement is based on CRS of the target cell. Thus the measurement procedure will be the same for the transmission/retransmission of Msg.1 since there is a unique CRS for a given cell. In contrast, the UE may detect multiple SS blocks for a NR cell. Thus it is possible that UE may find a “new” better SS block before the retransmission of Msg. 1. There will be two potential alternatives for a UE to address this case:
1. Alt.1: UE is allowed to select a PRACH for retransmission from the RACH resource/preamble subset associated with the “new” better SS block, and then it is nature to change SS block used for the pathloss estimate for retransmission.
2. Alt.2: UE is only to use PRACH from the same RACH resource/preamble subset as that of the first transmission, and then it is nature to measure the pathloss on the same SS block.
Thus, the answer to the question Q2 depends on whether UE can select a PRACH from a different RACH resource/preamble subset for the retransmission of Msg. 1.  Comparing these two alternatives, we can see that Alt.1 may improve the success rate of initial access at no additional cost. 

Proposal 1: For Msg.1 retransmission, UE is allowed to select a PRACH from a RACH resource/preamble subset which is different from that used for the first transmission or previous retransmissions of Msg.1. 

Power Control of Msg.3 Transmission
There are some proposals that new DL beam indication can be carried by Msg. 3.  However, the corresponding benefits have not been justified, and then NR should not support such kind of mechanisms. As a result, the power control of Msg.3 transmission can also use the same principle as that of Msg.1. Thus we have the following proposal:

Proposal 2: Pathloss estimation for Msg. 3 transmission power is based on the same SS block as that used for the latest Msg.1 (re)-transmission. 

However, there may be some differences between Msg.1 and Msg.3, which may lead to some adjustments for the power control formula.

NR supports two waveforms (i.e., CP-OFDM and DFT-s-OFDM) for UL transmission and UE should select one of them for Msg.3 transmission according to NW’s configuration. The two waveforms of CP-OFDM and DFT-s-OFDM have different PAPR values, which will impact the maximum power of UL transmission. 

Proposal 3: The maximum power PCMAX should be waveform-specific or a waveform-specific back off factor should be added to the maximum power PCMAX .
 At the current stage, we haven’t determined the numerology of Msg.3 transmission. To be specifically, it is not clear whether Msg. 3 transmission will support default numerology or multiple numerologies. If multiple numerologies are supported, there should be a factor in the power control formula to reflect the different offsets between different numerologies, or NW configures different received target powers for different numerologies.

[bookmark: _GoBack]Proposal 4: If Msg. 3 transmission supports multiple numerologies, NR should down-select the following options:
· Introduce a factor in the power control formula to reflect the difference between numerologies
· Support NW to configure different received target powers for different numerologies

In LTE, the RAR carries a transmit power control (TPC) command for Msg. 3 transmission. NR can reuse the same mechanism. However, there are some NR scenarios where the difference between DL pathloss and UL pathloss may be larger than that in LTE. For example, there will be some scenarios where the DL beam pair link and UL beam pair link are not reciprocal.  We should extend the power adjustment range for effectively support these scenarios. Thus we have the following proposal:

Proposal 6: Compared to LTE, NR should support a lager range of power adjustment triggered via TPC command transmitted in RAR.  

Conclusions
In this contribution, we discuss power ramping and power control during RA procedures. Based on the above discussions, we have the following proposals:
Proposal 1: For Msg.1 retransmission, UE is allowed to select a PRACH from a RACH resource/preamble subset which is different from that used for the first transmission or previous retransmissions of Msg.1. 
Proposal 2: The pathloss estimation for Msg.1 retransmission power is based on the selected SS block which is indicated from UE to NW via the PRACH preamble/resource of the retransmission.
Proposal 3: Pathloss estimation for Msg. 3 transmission power is based on the same SS block as that used for the latest Msg.1 (re)-transmission. 
Proposal 4: The maximum power PCMAX should be waveform-specific or a waveform-specific back off factor should be added to the maximum power PCMAX .
Proposal 5: If Msg. 3 transmission supports multiple numerologies, NR should down-select the following options:
· Introduce a factor in the power control formula to reflect the difference between numerologies
· Support NW to configure different received target powers for different numerologies
Proposal 6: Compared to LTE, NR should support a lager range of power adjustment triggered via TPC command transmitted in RAR.  
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