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1. Introduction
RAN1 has agreed to study the UL power control for NR in [1]. In [2] – [5], some observations and proposals on UL power control have been discussed. If the beamforming is applied in both TRP and UE side, different beamforming gain may be observed from different TRP-UE beam pair. Then the power control operation may need to take such beamforming gain difference into account. In this contribution we provide our considerations on UL power control operation for NR MIMO.
2. Discussion
The analog beamforming may be utilized in both TRP and UE side. Different beamforming gain may be observed from different beams. With the increase of number of antenna elements, the maximum beamforming gain could increase. Then it could have more impact on the pathloss between TRP and UE. Figure 1 illustrates the C.D.F. of beam energy difference between the best beam and other beams, where  and  denotes the beam energy in the jth highest energy beam. The detail beam pattern is illustrates as Figure A-1 in appendix. All the UEs are assumed to have one LOS path and only the array gain has been taken into account. 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.
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Figure 1: C.D.F. of beam energy difference
2.1 Reference Signal for Pathloss Measurement
As discussed in [3], the CRS may not be present. Then to measure the pathloss between TRP and UE from different TRP beams, the reference signal for beam management procedure 1/2/3 [6] [7] [8] can be used. 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. There can be two options for the power control RS design:
1) Cell specific BRS (C-BRS, which is used for beam management procedure 1 BM-1 [6])
2) Dedicated BRS (D-BRS, which is used for beam management procedure 2/3 BM-2/3 [7] [8])

For the C-BRS, the receiving beam could be one of the sweeping beams applied to different C-BRS sequences.  Then the best receiving beam may not be fully covered by the C-BRS beams. As shown in Figure 2, as a result of overhead reduction for C-BRS, it may not cover the best direction of the UE. So to release the limitation of receiving beams in the TRP side, the closed-loop power control factor may need to have a wider range in order to reflect the beam energy difference between best receiving beam and the best measurement beam. Further, the UE may try different UE beams for different TRP beams. So the C-BRS structure should allow the UE to try different UE beams for measurement. For example, it may be necessary for the UE to know the beam reoccurrence period, so that the UE could try different UE beams at different time.


Figure 2: C-BRS based measurement
For the D-BRS, as it can be UE specific, it could cover the best or target receiving beam for the UE. Then the closed-loop power control factor does not necessarily need to cover a wide range as C-BRS. However if the number of connected UEs is large, the overhead for the D-BRS may be large. Then to multiplex the measurement of some UEs for one D-BRS signal may be helpful to reduce its overhead. In addition, to save overhead and allow measurement for multiple TRP-UE beam pairs, it can be better that if the D-BRS could consider that the UE can do the measurement with different UE beams based on one D-BRS.
Proposal 1: the C-BRS and D-BRS should be taken into account for pathloss measurement: for C-BRS a wider closed-loop factor should be studied to release receiving beam limitation; for D-BRS multiplexing multiple UEs D-BRS should be studied to reduce its overhead. 
2.2 Power Control Settings
As the direction of each TRP beams are different, the interference observed in each TRP beams may be different. Figure 3 illustrated one semi-static system level simulation results for indoor scenario. It is assumed that each UE is scheduled based on round robin scheme and can be granted 4 RBs. The results are collected from multiple snapshots and those unused beams in each snapshot are precluded. 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. Multiple pathloss can be maintained by the UE in order to compensate different beam energy from different beams, and different P0 values can also be configured to the respective beams in order to reflect different IoT levels in the beams as well. Hence the cumulative closed-loop factor should be beam specific.
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Figure 3: C.D.F. of beam specific IoT
Then to support beam aggregation and allow TRP to use different Rx beams in different subframes, which can help to relax some scheduling limitation on Rx beam selection when multiple UEs are to be scheduled, multiple power control settings may be necessary, since the power control settings such as P0 and cumulative closed-loop factor may be different for different beams. For each transmission, the UE may need to know which power control setting should be utilized. Further the beams for control channel and data channel reception may be different, and the target SNR or SINR can also be different. Then the power control settings for control channel and data channel should also be independent.  
Proposal 2: multiple power control settings should be considered for data channel and control channel transmission, as well as to support beam aggregation and allow TRP to select receiving beam flexibly.
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: the C-BRS and D-BRS should be taken into account for pathloss measurement: for C-BRS a wider closed-loop factor should be studied to release receiving beam limitation; for D-BRS multiplexing multiple UEs D-BRS should be studied to reduce its overhead. 
Proposal 2: multiple power control settings should be considered for data channel and control channel transmission, as well as to support beam aggregation and allow TRP to select receiving beam flexibly.
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Appendix – Simulation Assumptions
Table A-1: Simulation Assumption
	Parameter
	Assumption

	Scenario
	Indoor

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	Number of TRPs
	12

	UE distribution
	10 user per TRP 

	TRP noise figure
	7dB

	TRP beam grid
	48 beams and the pattern is as Figure A-1

	TRP antenna structure
	(4, 8, 2, 2)

	UE antenna structure
	(2, 4, 2, 2)

	Inter-TRP distance
	20m

	Scheduling algorithm
	Round robin

	P0
	-88dBm, -98dBm

	alpha
	0.8



[image: ]
Figure A-1: beam grid pattern
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