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1 Introduction
In RAN1 #90, discussions on power sharing and framework of power control continued, and the following agreements were reached [1], 
Power sharing:
· At least for LTE-NR NSA operation
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately
· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 
· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax
· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.
· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 
· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation
· For LTE, no change in power control procedure
· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE
· The following is FFS
· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)
Send an LS to RAN2 and RAN4 to be drafted in R1-17xxxxx
Framework:
· For open-loop power control parameters for PUSCH for a UE, 
· gNB configures one or multiple P0 values 
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· gNB can configure one or multiple alpha values
· FFS the case of closed-loop power control 
· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control

· PL calculation can be based on periodic CSI-RS if configured at least for the following cases:
· PUSCH
· SRS 
· PUCCH 

· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission
· E.g., specification of fixed power back-off, specification of power back-off as MPR

Moreover, RAN4 has recently agreed on the followings about consideration of EIRP values for UE power class and  Pcmax [2],
1. For UE Power Class definition for above 24 GHz range:
0. RAN4 agreed to define the UE power class for this spectrum range based on EIRP values.
0. A UE Maximum TRP limit will be defined in order to limit the UL interference.
1. Pcmax will be defined for above 24 GHz range in terms of EIRP that includes the antenna beam-forming gain.
1. For the power control related topics, RAN4 made the following agreements so far:
2. The RSRP and CSI-RSRP measurements definition include the Rx beamforming gain for OTA measurements (above 24 GHz range).
2. For conducted testing (sub-6GHz range) RSRP and CSI-RSRP measurements reference point can be maintained at the UE antenna connectors.
RAN4 consideration of EIRP values for definition of UE power class and  Pcmax are important developments in direction of power control in NR, and they may also have some impacts on RAN1 power control related works. 
In this contribution, we present our views on potential impacts of beam directivity on uplink power control mechanism.
2 Impact of Antenna Directivity
[bookmark: _Ref129681832]Transmit beamforming capability in a UE can be employed to adapt the transmission according to the operating scenario. While, the exact shape or granularity of beam definitions may be left to the implementation, it is reasonable to assume that an NR UE with beamforming capability, would be able to support a number of patterns with different values of directivity. Figure 1 shows an exemplary case where, a UE has the capability of producing beam patterns with three different levels of directivity of DPeak, DMid  and DLow. 
There may be a variety of motivations for switching from one pattern to another, such as interference consideration, mobility, reliability, etc. For example, a UE with high mobility could establish a more reliable connection with a wider beam than a pencil beam. In contrast, from interference perspective, it may be better to use a narrow beam for a low mobility UE than a beam with wide beamwidth.


Figure 1 – Patterns with different directivity levels
In an uplink transmission with fixed TX and RX antenna configurations, the power control setting for PUSCH or a similar channel can be governed by



where the estimated defines the power transmitted by the antenna system of the UE, pointed to a specific direction according to the beam characteristics of the antenna system.


If a UE has some beamforming capability, the estimated may be considered as an equivalent (Equivalent Isotropic Radiated Power) EIRP amount for the given transmission direction defined by the current TX antenna configuration, 






where and represent the actual power amplifier output, antenna cable/assembly loss, electrical efficiency of the antenna and the antenna directivity, respectively. Without loss of generality, assuming a cable/assembly loss of and an efficiency of , 

.
Therefore, if a UE has some beamforming capability, the actual power amplifier output may be traded off against the directivity of a beam. 
If a UE decides to switch from one beam to another beam, a significant power variation, in form of a sudden boost or drop, may be experienced at the gNB. Such fluctuations may lead to an excessive interference or performance degradation. Therefore, based on the presented discussion, we can reformulate the power setting mechanism to counter such power disparities across transmission slots as,








where  represents a change in directivity from a reference value where the reference directivity can be defined based on the peak directivity. The term  represents a max reference power similar to , however would be based on the selected beam. As an example, assuming all other conditions not changed, for a system with a beamforming capability as shown in Figure 1, there could be potentially three different candidate values. Therefore, we could have several  values corresponding to our beam hypothesis. As such, as UE switches its transmission across different beam patterns, the expected received power at the gNB stays steady.

Proposal 1 – RAN1 considers UE transmit beamforming capability with variable directivity. 
[bookmark: _GoBack]

Proposal 2- To maintain a steady power level at the gNB, a power correction factor  to be considered to account for UE beam directivity.

3 Conclusion
In this contribution, we presented our views related to the impact of beam directivity on uplink power control mechanism. Based on the presented discussion, following proposals are made,
Proposal 1 – RAN1 considers UE transmit beamforming capability with variable directivity. 

Proposal 2- To maintain a steady power level at the gNB, a power correction factor  to be considered to account for UE beam directivity.

4 Reference 
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