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1. Introduction
In RAN1 #88 meeting, the following agreements on UL power control have been achieved. [1] 
· 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 provide some discussions on UL power control operation for NR MIMO including DL RS for pathloss measurement, power control settings as well as waveform specific power control.
2. Discussion
DL RS for pathloss measurement
To measure the pathloss between TRP and UE from different TRP beams, the RS where corresponding TRP beams are applied can be used. Some beamformed reference signal could help to accomplish the measurement of the pathloss from different beams. Thus the mobility reference signal (MRS) as well as the CSI-RS for beam management can be used to measure the DL pathloss with different beams. Further the UE may use different UE beams to receive the signals from different TRP beams. Hence the power control RS should take measurement from different UE beams into account. Generally there can be two options with regard to the DL RS for pathloss measurement:
Option 1: RS for beam management P-1
Option 2: CSI-RS for beam management P-2/P-3
For option 1, some TRP beams can be applied to the RS. However to reduce the overhead, the number of TRP beams can be limited so that it cannot cover all the receiving directions quite well. As shown in Figure 1, the best transmission direction is not covered by the beams in CSI-RS for BM P-1 in option 1. So the CSI-RS in option 2 can be complementary to the RS in option 1 to obtain more accurate pathloss. However as the CSI-RS in option 2 can be UE specific, if the number of connected UEs is large, the overhead of such CSI-RS could be relatively large. Then to multiplex the measurement of some UEs for one CSI-RS signal may be helpful to reduce its overhead. Meanwhile as different beamforming gain can be observed in different UE beams, it is necessary to support the measurement from multiple UE beams. Then for option 1, to allow the measurement of different UE beams, some TRP beam information, e.g. the TRP beam reoccurrence, should be known in the UE side; for option 2, it can be better to support multiple UE beams measurement from one CSI-RS. 


Figure 1: example for pathloss measurement
Another possible way is to use the DMRS for measurement. However the pathloss measured from DMRS may rely on the scheduling decision. For example, the pathloss measured from SU-MIMO and MU-MIMO case could be quite different and the pathloss measured from different precoders could also be different. Then it is not easy for a UE to do the receiving power averaging. Since the MRS and CSI-RS for beam management P-1/P-2/P-3 could be used to measure the pathloss from different types of beams, there could be no need to involve any other reference signal to measure the pathloss.
Further, after the uplink beam management U-2, the TRP may select another Rx beam to receive current Tx beam. Then due to different pathloss can be observed in different TRP-UE beam pair, it is better for the TRP to indicate the new TRP beam for pathloss measurement so that the UE could adjust its Tx power.
Proposal 1: Only the MRS and CSI-RS for beam management P-1/P-2/P-3 can be used for the pathloss measurement and it is not necessary to involve other reference signal for pathloss measurement to support uplink power control. 
Proposal 2: After uplink beam management U-2, the TRP should indicate the new DL RS for measurement if a new TRP beam is used.
Beam Specific Power Control Setting
For the multi-beam operation, the analog beamforming may be utilized in both TRP and UE side. Different beamforming gain can be observed from different TRP-UE beam pairs. With the increase of number of antenna elements, the beam could be narrow and the maximum beamforming gain could increase. In [2] the C.D.F. of beam energy difference between the best beam and other beams has been shown, which is also given in Figure A-1, where  and  denotes the beam energy in the jth highest energy beam. It can be observed that the beam energy could change if a new beam is used to receive the uplink signal. To use the second best beam to receive the uplink signal, up to 15 dB beam energy change can be observed from the C.D.F. curve of . Therefore, considering potential beam energy fluctuation due to a change in TRP or UE beams, it may be necessary for the UE to maintain multiple pathloss values corresponding to the respective beams.
As the direction of each TRP Rx beams are different, the interference observed in each TRP beams can be different. In [2], the C.D.F. of IoT has been given, which is also shown in Figure A-2 in appendix. Hence if the target SINR is taken into account to decide the power control factor P0, as the IoT may be different in each beam, the beam specific P0 may be necessary. Thus different P0 values can be configured to the respective beams in order to reflect different IoT levels. As the gNodeB and UE may maintain more than 1 beam pair links. At least the power control settings should be beam pair link specific. 
Proposal 3: with regard to potential beam energy fluctuation and different IoT values observed in different beams, at least the beam pair link specific power control settings should be supported. 
Power control for different waveforms
It has been agreed that the UE has to support both CP-OFDM and DFT-s-OFDM waveform. The DFT-s-OFDM can improve link budget especially for coverage limited UEs. On the other hand, CP-OFDM waveform enables for the gNB receiver to adopt some advanced algorithms, e.g., ML detection, and this can lead to lower target SNR or SINR for CP-OFDM compared to DFT-s-OFDM waveform. In these regards, the target receiving power for CP-OFDM and DFT-s-OFDM can be different and separate power control settings should be supported depending on the employed waveform.
Proposal 4: waveform specific power control parameters should be supported since different targeting SNR can be required for different waveforms.
3. Conclusions
In this contribution we have provided our views on uplink power control for NR. From the discussion, we have achieved the following proposals.
Proposal 1: Only the MRS and CSI-RS for beam management P-1/P-2/P-3 can be used for the pathloss measurement and it is not necessary to involve other reference signal for pathloss measurement to support uplink power control. 
Proposal 2: After uplink beam management U-2, the TRP should indicate the new DL RS for measurement if a new TRP beam is used.
Proposal 3: with regard to potential beam energy fluctuation and different IoT values observed in different beams, at least the beam pair link specific power control settings should be supported. 
Proposal 4: waveform specific power control parameters should be supported since different targeting SNR can be required for different waveforms.
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Figure A-1: C.D.F. of beam energy difference
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Figure A-2: C.D.F. of beam specific IoT
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