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1 Introduction
During RAN1 #86b meeting, following agreements were made on NR UL power control [1-2].
Agreements:
· The following aspects should be considered for UL PC design:
· No LTE-like cell-specific reference signal for path loss estimate
· Beam-based transmissions/receptions
· Analog beamforming at eNB/UE
· Multi-beam / multi-stream transmissions 
· Multiple numerologies 
· Inter-TRP information exchange
· FFS: Dynamic TDD
· Other aspects are not precluded
· The following design of UL PC as starting point for study:
· Fractional power control in LTE as framework
· DL RS for path loss measurement 
· e.g. RS in DL beam management P-1, P-2 and P-3 for multi-beam scenario or single-beam scenario
· Separate PC settings for UL control and data channel
· FFS: the following design of UL PC
· Numerology-specific parameter setting
· Separate PC settings for multi-beam / multi-stream UL
In this contribution, we discuss UL power control schemes in UL MIMO, where large beamforming gain fluctuation may exist and the interference situation may be changed by directional beamforming. 
2 [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion on UL power control enhancement
For LTE system, the elaborate power control mechanism is made. The general formula of UE transmission power is shown as follows:

 [dBm]









where is the configured maximal allowed transmit power; is the allocated uplink PRB number;is nomial power composed of a cell specific parameter and a UE specific parameter;is downlink pathloss estimated in the UE in dB and= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layer signalling; is a cell specific pathloss compensation factor to achieve balance between cell average and cell edge throughput;provides baseline transmit power for open loop power control part; is a compensation item related with PUSCH transmit format, e.g. MCS;is power adjustment derived from transmit power control (TPC) field of dynamic signalling. According to the agreement of last meeting, it can serve as the start point for NR UL PC.



In principle, power control can be composed of open loop power control part and closed loop power control part. For open loop control part, the desired link quality is guaranteed by setting appropriate baseline transmit power on account of pathloss. For closed loop power control part, finer power adjustment is used for one specific transmission on account of channel and interference condition. Generally, to guarantee the reliable and effective control for uplink power, compensating the large and fast change of beamforming gain can be considered in open loop part and/or close loop part. For open loop part, andcan be considered to reflect the beamforming gain. For close loop part,can be used to adjust transmit power to compensate the change of beamforming gain.
Proposal 1: Both Open loop and closed loop adjustment can be considered for compensating the change of beamforming gain.



For uplink power control, the pathloss is partially or fully compensated. RS in DL beam management P-1, P-2 and P-3 can be used for beam specific RSRP measurement, which is used to track the change of beamforming gain linked with transmit and receive beam. The beam specific RSRP measurement can provide necessary information for accurate power control in case of fast beam switching. Then, the fast uplink power control mechanism can be used to track the fast change of beamforming gain. It can be realized by dynamic signaling in many possible solutions. One straight forward scheme is merging the change of beamforming gain into. The value and range ofwill be further considered by introducing the change of beamforming gain. Another direct scheme can be indicating used beam specific RSRP, where the actual beamforming gain is included in this used RSRP for computing. Fig.2 gives an example to illustrate using dynamic signaling to indicate the selected pathloss measurement result, which is used for UE to determine uplink transmit power.


Fig.2 Example of dynamic signaling to select pathloss measurement set
Proposal 2: Fast uplink power control mechanism can be used to track the fast change of beamforming gain. 






Unlike LTE, in NR uplink, beamforming is possibly used at UE side and eNB side. When beamforming is used at UE side, the beam pattern will be different due to reasons such as the supported antenna number, etc. With diverse transmission beam pattern for UEs, the interference to neighborings cell will be different. If the beam at UE side is narrower, its interference to neighbouring cell will be small and the transmission power of the UE can be large to achieve higher received power. If omni antenna is used or the beam at UE side is wider, its interference to neighbouring cell will be large and the transmission power of the UE can be smaller considering the tradeoff between the received power and the interference to other cells. In the fractional power control, theandwork together in open loop power control to adjust the transmit power between “no compensation’ and ‘full compensation’, i.e, to make the tradeoff between the received power and the interference to other cells. Therefore the optimal set of parameters of andwill also be different for different beam pattern. The beamforming based parameters such asand should be studied to optimize the performance between cell average throughput and cell edge throughput.


Proposal 3: Beam specific fractional compensation (i.e, the beam based parameters such as and) can be considered to optimize the performance between cell average throughput and cell edge throughput.
Furthermore, due to narrow receive beamforming at the BS and possibly transmit beamforming at the UE, the neighbouring cell may or may not face any interference from a particular UE’s transmission. Thus a given UE’s transmission may nor may not cause interference to the neighbouring cell UE’s transmissions. If such knowledge of the pathloss including the impact of the beamforming can be made at the UE, then the UE can explicitly make use of this knowledge to make a better transmit power decision. 
In [3], [4], such an approach to uplink power control is presented where the interference generated by the UE to neighboring co-channel deployed cells are explicitly taken into account as follows:

Here, PMIN is the minimum per RB transmit power of the UE, and PL’ is the pathloss (in dB) of the UE to its dominant interferer which can be derived from its neighbour cell RSRP measurements. With this approach in NR, the UE can make a better transmit power decision. For instance, if the UE’s transmission is not likely to cause interference to the neighbouring cell’s UE, then it may be allowed to transmit at a larger transmit power. 
Proposal 4: NR should study methods where the knowledge of the interference generated to neighbouring cells, including the impact of beamforming is taken into account to determine the UE transmit power. 
In addition, the measured pathloss value can implicitly reflect the position to the serving BS and the neighbouring BS as in LTE system. However, beamforming techniques are supported in 5G system. If pathloss is measured based on beamformed reference signal, this pathloss value cannot simply indicate the position of the UE in the cell because the beamforming gain is included in the pathloss measurement. For example, two users have the same result for beamformed pathloss based on beam specific RSRP measurement. One user has larger beamforming gain and larger pathloss. Another user has smaller beamforming gain and smaller pathloss. Yet, the interference to neighbouring cell is different due to different UE’s position in the cell. Therefore, the enhanced power control scheme should be studied to consider the above cases thus to achieve a good tradeoff between cell average throughput and cell edge throughput. 
Proposal 5: An enhanced power control scheme should be studied to achieve a good tradeoff between cell average throughput and cell edge throughput.
3 Conclusion
Based on above discussion. We also make the following proposals:
Proposal 1: Open loop and close loop adjustment can be considered for compensating the change of beamforming gain.
Proposal 2: Fast uplink power control mechanism is used to track the fast change of beamforming gain.


Proposal 3: Beam specific fractional compensation (i.e, the beam based parameters such as and) can be considered to optimize the performance between cell average throughput and cell edge throughput.
Proposal 4: NR should study methods where the knowledge of the interference generated to neighbouring cells, including the impact of beamforming is taken into account to determine the UE transmit power.
Proposal 5: An enhanced power control scheme should be studied to achieve a good tradeoff between cell average throughput and cell edge throughput.
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