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1. Background and introduction
In the RAN1 #89 meetings, several agreements about UL power control have been achieved [1].  One is for beam specific power control
Agreements:

· Support beam specific pathloss for ULPC
And some are for power sharing.
Agreements:
· From RAN1 perspective, it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz

· FFS: power sharing mechanism

· RAN1 will continue discussing the power sharing mechanism, including potential RAN1 specification impact 

· Applicability of power sharing mechanism for NR in particular bands, e.g., greater than 24GHz, should be discussed in RAN4
In this contribution, we provide our views on the rest parameters in the power control functions. Besides that some discussion are provided on the power sharing between >6GHz and <6GHz.
2. Discussion 
2.1. Discussion on beam specific components in PC
In LTE uplink, the transmit power of PUSCH is based on the estimated pathloss, targeted received power Po and scheduled PRB number M, as below [2].
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In the last meeting, only the beam specific pathloss are agreed for the uplink power control. Other parameters are still under discussion.

Po is the target receive power, which is the desired receive power at gNB side. This value could partially represent the target receive SINR at gNB. NR should support multiple traffics, i.e. eMBB, URLLC and mMTC. Different traffic could have different SINR requirements. If eMBB is considered as a baseline, URLLC may have a more stringent requirements but the mMTC may have a lower one. URLLC which requires a higher reliability and shortened delay will put a requirement on one shot transmission success rate. One straight forward method is to allocate enough power for uplink to confront both propagation loss and random interferences from neighbour cells.  A higher Po could provide higher power allocation. Besides Po, other parameters in the power control function could also be could also be considered to enhance the URLLC traffic.
Proposal 1:

Po in PC functions could be set according to the UE type or traffic mode.

As discussed above, Po should still represent target receive power or required signal quality. Thus this parameter does not strongly relate with any beam forming mechanism or beam pair links (BPL). If beams are switched during the transmission, the estimated pathloss should follow the new switched beams or beam pairs, and the propagation loss are compensated according to the beam specific pathloss. And the receive power remains the same. Thus there seems no strong need to define a beam specific Po.
Proposal 2:

Po in PC functions as the target received power, and should not be defined as a beam specific parameter.
Alpha in the PC function represents the fractional pathloss compensation factor. This component was introduced to reduce inter cell interference. In the low frequency, UE may still use omni-directional antenna. Alpha could work as in LTE to decrease the inter cell interference. But if the UE uses beam formed transmission, the interference in uplink will be more bursty (flash-light effect). It is not clear how bursty interference impacts the value of alpha. Therefore the effect of alpha with UE beamforming needs more evaluations and discussions. 
Observation 1:

The effect of interference reduction through alpha with UE beamforming, and the impact to Alpha in PC, needs more discussions and evaluations.
Another discussion point of Alpha is if it is beam specific. Up to now, the gain of beam specific alpha has not been carefully evaluated, .e.g., if beam specific alpha can effectively reduce inter-cell-interference. In general, if the DL PL measurement beam is properly configured, the UL interference should be in a tolerable range. If DL PL measurement beam is configured mistakenly (PL too high), UE may unnecessarily increase its transmit power, but the problem is probably an error case, and it is not clear if any optimization is needed (in either Alpha or PL calculation or some error handling mechanism). 
Proposal 3:
Alpha in PC function in low frequency should remain cell specific or TRP/-Panel specific. 

Delta_TF is dependent on different transport formats which is essentially MCS. If new transport formats or MCSs would be defined to fulfil URLLC requirements, new values for Delta_TF could be defined accordingly. Otherwise, there is no strong motivation to change this parameter or define this parameter as beam specific. 
Proposal 4:
Delta_TF could be dependent on specific traffic if new transport format defined for URLLC. 
fc(i) is the close loop component which changes according to the TPC command. Usually this parameter is used for fine tuning the transmit power according to the current MCS level. Under an ideal assumption that the beam specific pathloss could compensate the pathloss changes due to the beam switch, the original accumulated TPC values, fc, could be reused in the new beam pair link. If the accumulated TPC could fulfill the current transmission requirement, there is no need to reset the TPC values. If the TPC are reset after the beam switch, several loops are needed for TPC to get to convergence. It is a quick and simple way for UE to reuse the accumulated TPC values in the newly switched beams. It is not economical for UE to maintain multiple accumulated TPC values for multiple BPLs, unless the UE will switch between 2 or more BPL frequently. And this is obvious not an expected UE behaviour in the network. 
Proposal 5:

It is not economical for UE to maintain multiple accumulated TPC values for multiple BPL.
When the UE with 2 panels is associated with 2 different TRPs, the power control of each TRP-panel pair could at least follow the configuration of each TRP. But due to that the 2 panels are located together and the transmit power may need sharing, the enhancement could be further discussed. It could be a starting point that the power control parameters Po, alpha, delta_TF, fc are configured per TRP. If the 2-panels of one UE are connected with 2 TRPs respectively, two sets of power control parameters can be set as the starting point for discussion. 

Proposal 6: PC parameters Po, alpha, delta_TF and fc could be set at least as cell specific or TRP(-Panel) specific. If the 2-panels of one UE are connected with 2 TRPs respectively, two sets of power control parameters can be set as the starting point for discussion.
2.2. Discussion on power sharing
It was agreed in the last meeting, power sharing for below 6GHz is feasible for LTE and NR dual connectivity. But it is still not clear of the feasibility of power sharing between low frequency and high frequency. For this issue, two aspects should be considered, the RF design within terminals and the regulation limits.
In the low freqeuncies, the two connections of UE could share the same power amplifier. And due to the limitation of PA maximum transimit power, the transimit power of 2 conections should share the same upper bound. This is one reason for power sharing from the hardware perspective. And from the consideration of human health, the specific absorption ratio (SAR) is defined in the regulations. This also limits the total transmit power of UE. Considering both perspectives aforementioned, power sharing should be carried out when UE transmits in two connections simutenously.
But in the high frequency, UEs may have an independent RF chain for the high frequency due to the RF components maybe completely different from low frequency, e.g. RF filters and power amplifiers. Because the PAs of high and low frequency may be separated, there may be no need of power sharing limitations from RF hardware perspective. 
Observation 2 :

If high and low frequencies use independent power amplifiers in the UE side, there is no need to share the power between the 2 frequencies. Thus there is no need to share the power between high and low frequencies from the perspective of hardware. 
From the other side, due to frequency goes much higher, the absoption behaviour of human body will be different. The high frenqency electromagnetic wave will be reflected at the surface of human body such as at skins, instead of being absorbed by the organism deep inside, which is the case for sub 6GHz. Accordingly, the regulations for higher frequeny maybe different from low frenqencies. If the transmit power in high and low frequency are limited seperately, it is not necessary to discuss power sharing between high and low frequencies. But if the transmit power in high and low frequency are jointly limited, it is necessary to discuss power sharing between high and low frequencies.
Observation 3 :

If the transmit power in high and low frequency are limited seperately from the perspective of regulation, it is not extremely necessary to discuss power sharing between high and low frequencies. But if the transmit power in high and low frequency are jointly limited from the perspective of regulation, it is necessary to discuss power sharing between high and low frequencies. 
3. Conclusion
In this contribution, we discuss on other parameters in the uplink power control.
Observation 1:

The effect of interference reduction through alpha with UE beamforming, and the impact to Alpha in PC, needs more discussions and evaluations.
Observation 2 :

If high and low frequencies use independent power amplifiers in the UE side, there is no need to share the power between the 2 frequencies. Thus there is no need to share the power between high and low frequencies from the perspective of hardware. 
Observation 3 :

If the transmit power in high and low frequency are limited seperately from the perspective of regulation, it is not extremely necessary to discuss power sharing between high and low frequencies. But if the transmit power in high and low frequency are jointly limited from the perspective of regulation, it is necessary to discuss power sharing between high and low frequencies. 
Proposal 1:

Po in PC functions could be set according to the UE type or traffic mode.
Proposal 2:

Po in PC functions works as the target received power, and should not be defined as a beam specific parameter.

Proposal 3:

Alpha in PC function in low frequency should remain cell specific or TRP/-Panel specific.

Proposal 4:

Delta_TF could be dependent on specific traffic if new transform format defined for URLLC.

Proposal 5:

It is not economical for UE to maintain multiple accumulated TPC values for multiple BPL.
Proposal 6:

PC parameters Po, alpha, delta_TF and fc could be set at least as cell specific or TRP(-Panel) specific. If the 2-panels of one UE are connected with 2 TRPs respectively, two sets of power control parameters can be set as the starting point for discussion
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