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1. Introduction
Uplink (UL) power control has been an integral part in the design of LTE/LTE-A systems, where both an open-loop and closed-loop power control mechanisms are employed. The framework for UL power control as standardized in LTE/LTE-A system is well-designed and sufficiently flexible, as testified by the fact that only slight modifications are made to support UL multiple antennas, carrier aggregation (CA), and dual connectivity (DC). It has also been agreed in RAN1 #87 that NR will also adopt such a paradigm in designing the UL power control mechanism [1]:
Agreements:
· For NR-PUSCH at least targeting eMBB,

· Open-loop power control based on pathloss estimate is supported.

· Pathloss is estimated using DL RS for measurement

· Fractional power control  is supported

· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).

· Closed-loop power control is supported, which is based on NW signaling.

· Dynamic UL-power adjustment is considered

· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported

· Power control per layer (group)
Also, in RAN1 #88 further progress has been made [2]:
Agreements:
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.
In this contribution, we discuss further design details regarding the UL power control mechanism in NR.
2. Discussions
Uplink (UL) power control is a technique for the UE to adjust its transmit power toward the base station in order to maintain a desired power level. The purpose of UL power control is many-fold, including compensation for pathloss, causing less interference to other UEs, guaranteeing a certain transmission error performance, and controlling the power consumption. In LTE/LTE-A systems, the mechanism of UL power control consists of both an open-loop component and a closed-loop component, as dictated by the following fomula [3]
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Among other factors, the open-loop component compensates for the pathloss which the UE measures based on the cell-specific reference signal, and an adjustment based on the transport format. The closed-loop component fc(i) is signaled by the eNB dynamically in the DCI to fine tune the desired power level. The closed-loop component can be further configured as accumulative or absolute.
The UL power control mechanism as standardized in LTE/LTE-A systems has stood the test of time. It is flexible enough to accommodate further system enhancement with only slight modifications. It has been agreed that the UL power control mechanism in LTE/LTE-A is a baseline for NR. Among others, the heavy reliance on beamforming in 5G NR systems is a major difference from the LTE-A systems. Relying on beamforming also for initial access and pathloss measurement has implication on the UL power control design.
Pathloss is the phenomenon that the electromagnetic signals attenuate when propagating from the transmitter to the receiver. The formula for pathloss is widely known and can be given as
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where Pt and Pr represent the transmit and the receive power respective, Gt and Gr represent the transmit and receive antenna gains in linear value respectively, λ is the wavelength, and d is the distance between the transmitter and the receiver. It can be observed that, as long as the transmitter and the receiver both use unity-gain, omnidirectional antennas, the pathloss between the transmitter and the receiver depends only on the wavelength. In other words, the magnitude of pathloss can be considered the same for both the DL and UL directions if the operating frequencies of DL and UL are not too far apart. This is the case in most existing cellular communication systems, including LTE/LTE-A. The UE then accounts for the factor of pathloss by including it as one of the open-loop components.
When moving towards the 60 GHz carrier frequency, the pathloss intensifies as can be observed from the dependency on wavelength in the formula for pathloss. It thus follows that for 5G NR systems deployed in the frequency range close to 60 GHz, the effect of pathloss poses a big challenge. Antenna arrays that achieve a high transmit antenna gain as well as a high receive antenna gain, or the beamforming gain, have been proposed to be supported in the 5G NR systems as a building block right from the outset. As initial access and DL pathloss measurement are all performed with beamforming in place, the measured pathloss and thus the value to compensate for will be dependent on the beamforming gain. In addition to compensate for the DL pathloss due to free space propagation, the UE will also have to compensate for the potential difference between the composite beamforming gains used when receiving the DL reference signal for measuring pathloss, and the composite beamforming gains used when actually performing UL transmissions. Due to the various scenarios and configurations supported in NR, such difference is clearly not a factor that can be ignored.

As has been already agreed that a beam-specific UL power control is the baseline, it remains to study the explicit way that the effect resulting from mismatch between beamforming gains is captured in the UL power control formula. As the beam management as well beam recovery is a dynamic procedure, relying on open-loop control to capture such an effect could potentially lead to inaccurate/outdated UL power setting. We thus propose
Proposal 1: Closed-loop control is at least supported for beam-specific UL power control.
3. Conclusions
In this contribution, we have discussed issues related to UL power control mechanism in NR. We have the following proposal:
Proposal 1: Closed-loop control is at least supported for beam-specific UL power control.
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