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1 Introduction

UL power control in LTE has a dual role of controlling inter-cell interference while maximizing UE battery life and providing link quality corresponding to the required QoS. The same objectives need to be ensured and preferably enhanced in NR while also fulfilling other objectives that are unique to NR. 

This contribution considers UL power control for NR.
2 Discussion
Among the key features to be taken into account in NR design, one is to efficiently support multiple numerologies depending on intended service/usage scenarios and deployment scenarios. Another is to support a hybrid beamforming architecture that is mainly intended for operating in mmWave band. UL power control for NR should account for these new features. The following requirements are expected: 
Multiple Numerologies/Services 
Multiple numerologies and services can be supported in a single cell for respective usage scenarios like eMBB and URLLC. It is also possible to use carrier aggregation to support different numerologies/services; respective UL power control aspects are considered in [1]. For single cell operation, UL power control needs to account for the different reliability requirements (BLER targets) for each of the services that a UE may support. For example, UL power control settings can be different for eMBB service with target BLER of 10% than for URLLC service with target BLER of 0.1% or less. For example, as the slot duration can depend on the numerology while the QoS may not (e.g. for eMBB with 15 KHz SCS and 30 KHz SCS), a setting for the target received power should depend on the numerology. This implies independent configuration of open loop power control parameters for target received power. For example, using the LTE PUSCH power control equation for dynamically scheduled PUSCH below as reference, the UE-specific component of 
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 should be separately configured for each service type and/or numerology. For example, for URLLC, it may be beneficial to set 
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In addition to the configuration of separate open loop power control parameters, additional mechanisms may need to be supported in NR to control inter-cell interference while enabling a target QoS. For example, a UE may need to transmit URLLC immediately without prior TPC command from the network to overcome short term interference/fading and a URLLC transmission may even have to (partially) overlap with existing eMBB transmissions. It is generally impossible to ensure orthogonal multiplexing among all possible URLLC transmissions and eMBB transmissions and it is even impossible to always ensure orthogonal multiplexing among URLLC transmissions [2]. Then, it is necessary that UL transmissions account for the level of inter-cell interference (e.g. transmission power can be decreased/increased when inter-cell interference is low/high) and, for non-orthogonal intra-cell eMBB and URLLC transmissions, account for the background interference of an ongoing eMBB transmission on a URLLC transmission.   
Proposal 1: NR supports separate configuration of open-loop power control parameters for different numerologies and services.

Proposal 2: Study interference-aware UL power control mechanisms.
 Hybrid beamforming

In LTE, power control adapts to the characteristics of the radio propagation channel, including path-loss, shadowing and fast fading, as well as to overcoming inter-cell interference. In a system using hybrid beamforming, the channel characteristics will be variable depending on whether or not the UL channels/signals are transmitted with beamforming. Even if the UL channels/signals are transmitted with beamforming, depending on the beam width that can be supported by each UE, the channel characteristics can be variable. These variable channel characteristics can cause different level of interference to other cells. 
Observation 1: In a system using hybrid beamforming, variable channel characteristics among UEs can cause different level of interference to other cells.
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Figure 1: Illustration of path propagation with blockage
Based on the above observation, NR UL power control needs to be beam-specific. For example, a single UE can have different values of P0 and α for respective different UE beams and these values can reflect the beam-width used for transmission of UL data/control channels and signals. The different P0 and α values can be semi-statically configured by the gNB. In addition, it should be taken into account that a UE beam needs to be adjusted fast in a system using hybrid beamforming because the beam can be abruptly blocked from moving obstacles such as pedestrians and vehicles as shown in Fig. 1. For this case, dynamic configuration of the UL power control parameters can be considered.
Proposal 3: NR supports beam-specific power control for systems using hybrid beamforming .  
3 Conclusion
In this contribution, we discussed UL power control for NR. The observation and proposals are the following:
Proposal 1: NR supports separate configuration of open-loop power control parameters for different numerologies and services.

Proposal 2: Study interference-aware UL power control mechanisms.
Observation 1: In a system using hybrid beamforming, variable channel characteristics among UEs can cause different level of interference to other cells.

Proposal 3: NR supports beam-specific power control for systems using hybrid beamforming .  
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