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1. Introduction
In last RAN1 #88 meeting, the following points on power control have been agreed for NR UL MIMO [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 share our views on aspects of UL power control for different transmission waveforms, layer/layer-group/panel specific/beam group specific/beam pair link specific power control, open loop and close loop uplink power control. 
2. Discussion 
2.1 UL PC for different transmission waveforms 
In LTE uplink, as DFT-S-OFDM has lower PAPR compared to CP-OFDM, it can improve link budget especially for coverage-limited UEs. Moreover, DFT-S-OFDM is the only transmission waveform used in LTE uplink. UL transmit power in LTE is determined as follows.
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In RAN1#86bis , it is agreed that both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs, at least for eMBB uplink for up to 40GHz. To achieve higher PA efficiency, it will be better to introduce different UL PC mechanisms for DFT-S-OFDM and CP-OFDM respectively because of visible difference of CM between these two transmission waveforms. For DFT-S-OFDM, the design on determining UE transmit power in LTE can be the baseline for NR UL PC. For CP-OFDM, to avoid the distortion of signal when UE transmit uplink signal using maximum power, the maximum transmission power should be back off compared to that of DFT-S-OFDM. The value of back-off power should be determined based on the difference of CM between these two transmission waveforms. 
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Proposal 1: The maximum transmission power should be back off when CP-OFDM is applied to UE. 
2.2 UL PC for SRS
In LTE, there is dependency between the power of SRS and PUSCH. Specifically, a power offset exists compared to the power of PUSCH when determining transmit power for SRS. In NR, SRS is not only used to acquire UL CSI or DL CSI when reciprocity exists, but also used for uplink beam management. The power difference on different transmit beams will be large, so a flexible mechanism for SRS power control is required. In Rel-14 of LTE, group DCI for A-SRS trigger was introduced, which is analogous to LTE format 3/3A. To achieve flexible SRS power control, group DCI jointly for TPC and A-SRS trigger can be considered for NR. And one group includes multiple pairs of TPC and A-SRS trigger in which one pair may correspond to one transmsission beam. 
Proposal 2: Group DCI indicated jointly for TPC and A-SRS trigger can be considered for NR. 
2.3 UL PC based on layer(s)
If there are multiple receiving points for a UE’s uplink transmission, e.g., UL CoMP as shown in Case B of Figure1, different transmission layer of UE can aim at different receiving points. Another case for multi-layer UL transmission is that the signals of each transmission layer arrive at the same receiving point by spreading on different channel, as shown in  Case A of Figure 1. We can observe that the data on different transmission layers should be transmitted on different transmit beams, so layer(s) based UL PC is also a special case of beam-specific UL PC. 
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Fig.1 Examples of UL PC based on layer(s)

Proposal 3:  Layer(s) based UL PC can be implemented as a special case of beam-specific UL PC. 
2.4 Panel specific UL PC
When the antenna panels are placed facing to different orientations e.g. back to back, low correlation can be found between them. Multi-panel based UL transmission can improve the transmission reliability and capacity whether or not the same data is transmitted on different antenna panels [2]. For UL power control of multiple panels, since different TX beams are formed from different antenna panels, multiple panel based UL PC can be a special case of beam-specific UL PC. In this case, the power ratios between different panels can be configured by RRC signalling, and then dynamic power allocation can be achieved by the signalling of TPC in PDCCH. 
Observation 1: Multiple panel based UL PC can be a special case of beam-specific UL PC. 
2.5 Beam pair link specific PC
For beam specific power control, different pass loss may be observed on different receiver beam, which can be taken as beam pair link specific power control (BPL specific PC). BPL specific PC can be achieved by two solutions. In the first solution, multiple sets of UL PC parameters can be configured by gNB via RRC signaling, and then one parameter set is selected by gNB via DCI signaling. In the second solution, UE uses different UL PC parameter sets on different subframe set or slot set. 
2.6 Open loop or close loop UL PC
In LTE system, to overcome path-loss, shadowing and fast fading, both open loop and close loop UL power control are supported. In NR, although 
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can be considered to reflect the beamforming gain, there is a mismatch between DL beamforming gain and UL beamforming gain. Close loop UL PC can remove the mismatch fast and compensate the change of beamforming gain. Since the mismatch is larger than that of LTE, it would be beneficial to increase the TPC step size. In addition, as beam specific UL PC is introduced in NR, in order to reduce the overhead of UL PC signaling for one UE, one UL PC parameter set toward to one specific beam/beam group can be configured by gNB and can be taken as the baseline, one or more parameter offset can be configured for other beam/beam group. 
Proposal 4:  Both open loop and close loop UL PC should be supported in NR.
3. Conclusion
In this contribution, we discuss UL power control for NR. From the above discussion, we have the following observation and proposals:

Observation 1: Multiple panel based UL PC can be a special case of beam-specific UL PC. 

Proposal 1: The maximum transmission power should be back off when CP-OFDM is applied to UE. 
Proposal 2: Group DCI indicated jointly for TPC and A-SRS trigger can be considered for NR. 
Proposal 3: Layer(s) based UL PC can be implemented as a special case of beam-specific UL PC.
Proposal 4:  Both open loop and close loop UL PC should be supported in NR.
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