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1 Introduction
LTE uplink power control is a combination of an open-loop and a closed-loop mechanisms. It is assumed that the similar power control mechanisms would also be adopted in NR for both FR1 and FR2 UEs. In open-loop power control the terminal transmit power depends on the estimation of the downlink path loss and channel configuration. For sub-6GHz UEs, the power control equation has been based on conductive power with the assumption that the antenna gain is isotropic at 0 dBi. However, this assumption may no longer be valid for mmW UEs as UL and DL beamforming gain difference could vary at difference beam directions depending on whether they have the beam correspondence capability or not. In this contribution, we intend to bring up this issue for discussion and suggest RAN4 to study how open-loop power control can be applied for FR2 UEs without beam correspondence capability.       
2 Discussion
Open-loop power control in LTE is used for PRACH at initial access (Random Access) and for PUSCH and PUCCH as part of the UL power control. It is assumed the similar power control mechanism would also be adopted in NR for both FR1 and FR2 UE. The terminal transmit power in open-loop power control depends on the estimation of the DL path loss (PL) and channel configuration. The DL PL (in dB) is calculated in the UE by, 
PL = referenceSignalPower – higher layer filtered RSRP

where referenceSignalPower is the eNB DL reference signal power provided by higher layers in SIB2.

For sub-6GHz UEs, the power control equation has been based on conductive power with the assumption that the antenna gain is identical between UL and DL. However, this assumption would no longer be valid for FR2 UEs without UL and DL beam correspondence. That is, when UE measures the DL RSRP, the path loss should include the DL beamforming gain which could be different from UL beamforming gain. If UE would not be able to predict the difference between UL and DL beamforming gain at any arbitrary beam directions, it may fail to transmit the desired power level in open-loop power control.

Since beam correspondence is considered as UE capability, it is uncertain how those UEs without beam correspondence would perform open-loop power control. One possibility is to allow UE to transmit its maximum output power during the beam search, for the consideration that the PL is expected to be relatively high as compared to FR1 UEs. Once the link is established and the UL beam direction is fixed, the closed-loop power control can then take over. However, the downside associated with this approach is that the UE may suffer from more power consumption by transmitting excessive power during the beam search. On the other hand, the risk in inter cell interference without open-loop power regulation also needs to be studied.

Based on the above concerns, we would like to encourage RAN4 to study how the open-loop power control can be applied for FR2 UEs without beam correspondence capability.
Proposal: RAN4 to study how the open-loop power control can be applied for FR2 UEs without beam correspondence capability.   

3 Conclusion
In this contribution, we bring up the potential issue on FR2 UE open-loop power control and propose RAN4 to study how the open-loop power control can be applied for FR2 UEs without beam correspondence capability.  
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