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1 Introduction
During RAN1 NR Adhoc meeting, the following agreements were made on NR UL power control [1-2].
Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.
· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS
· FFS: on multiple type of RS 
· FFS: other DL RS
· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes  and/or .  
· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).
· Same gNB antenna port can be used for pathloss measurement for multiple process.
· FFS: Different gNB antenna ports can be used for pathloss measurement for each process
· NR supports power control for UE side multiple panel transmission
· FFS: specification impact to support multiple panel 
· FFS: waveform independent/dependent parameters for power control
In this contribution, we further discuss NR-PUSCH power control schemes for MIMO, where large beamforming gain fluctuation may exist and the interference situation may be changed by directional beamforming. Also, SRS power control scheme for MIMO is also discussed in case of multiple possible beams for PUSCH.
2 [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion on NR PUSCH power control enhancement
According to agreement in RAN1 #87 meeting, both the open-loop power control based on pathloss estimate and closed-loop power control are supported [2]. For pathloss, it can be estimated based on DL beam management RS measurement. For DL beam management, DL RS, it includes CSI-RS and mobility specific RS.  CSI-RS, in P-1, P-2 and P-3 can be possibly used for beam specific RSRP measurement, which is used to track the change of beamforming gain linked with transmit and receive beam pair. If pathloss measured by CSI-RS and RS defined for mobility purpose can meet the performance requirement, there is no clear motivation to introduce other type of RS for pathloss measurement.



To track the fast change of beamforming gain, the fast uplink power control mechanism can be used based on beam specific pathloss measurement. It can be realized by dynamic signaling with many possible solutions. One straight forward scheme is merging the change of beamforming gain into. For this scheme, pathloss measurement result linked with one specific beam pair can be used as the basis of uplink power control. The pathloss measurement result based on CSI-RS in P-1 is suitable for this scheme on account of robustness. If beam pair for the link is switched, the change of beamforming gain can be obtained by comparison with the basic beam pair. The value and range ofwill need further considering and evaluation 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. The pathloss measurement results based on CSI-RS in P1/P2/P3 can be used on account of accurate reflection of beamforming gain. 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 1: Dynamic UL-power adjustment can be used based on pathloss measurement results from DL RS for beam management. CSI-RS in P1/P2/P3 and mobility specific RS can be used for pathloss estimate in open-loop power control. 


Beam specific power control parameters are agreed as one further study point in last meeting. In beam management, the selection result of beam pair should be updated to maintain the link quality between TRP and UE. Both transmit and receive beam can be changed for PUSCH transmission based on the scheduling results. Thus, different beam pair for PUSCH can be flexibly used. Multiple sets of parameters for the TRP-UE beam pairs can be supported. With different TRP-UE beam pairs, the beam pattern (e.g. the beam width and beam direction) in UE may be different and the interference to neighboring cell will be different correspondingly. Therefore the optimal set of parameters of andwill also be different for different beam pattern at UE side. In detail, if the beam at UE side is narrower and/or the beam direction is towards the serving TRP, its interference to neighboring cell will be small and the power control parameters can be set to make the UE transmission power be large to achieve higher received power. If the beam at UE side is wider and/or the beam direction is not towards the serving TRP, its interference to neighboring cell will be larger and the power control parameters can be set to make the UE transmission power be smaller considering the tradeoff between the received power and the interference to other cells.


Proposal 2: Beam specific power control parameters (and) can be optimized based on the beam pattern at UE side for each TRP-UE beam pairs.  
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. Note that the pathloss measurements would include both transmit & receive beamforming gains. We assume that for a given UE and its serving gNB pair, the best DL transmit beam is identical to the best UL receive beam for the gNB and the UE. Thus UE would measure PL based on the best DL transmit beam of the gNB and its corresponding own best UL receive beam. Similarly, for PL’, the measurement should be based on the same best receive beam, i.e., the best transmit beamformer of the UE for its transmission to its serving gNB. Ideally, it should also correspond to the receive beamformer at the dominant interfering cell that it uses for its own UL reception in that TTI. Typically, this information is not available at the UE. But an average RSRP of the dominant interferer averaged over different DL beam choices would work well, given that the UL receive beamformer used will also be random for the choice of the UL scheduled UE in the dominant interfering cell.  Note that the interpretation and optimal values of and will be different with this modified equation when compared to the LTE power control equation. 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 (PL’>>PL), then it may be allowed to transmit at a larger transmit power. On the other hand when the UE is in the cell edge and has roughly equal pathlosses to both the serving and the victim cell (PL’~PL), then it would only be allowed to transmit at a small transmit power. 
On the other hand, if neighbouring gNBs coordinate amongst each other, then the knowledge of the scheduled dominant UL receive beams in neighbouring cells can be used by a gNB to arrive at a better estimate of the PL’ in the current TTI. Power control commands can then allow the gNB to make corrections to the UE’s determination of its UL transmit power.
Proposal 3: NR should support 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, numerology specific power control is another study point agreed in last meeting. Supporting multiple numerologies is discussed in RAN1 to support diversified NR usage scenarios and use cases. RAN2 also has discussion on the impact on MAC with different numerologies and agreed that “The gNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration”, e.g. the logical channel for URLLC service is mapped on numerology 1 and the logical channel for eMBB service is mapped on numerology 2. Due to different QoS (e.g BLER) requirement of the different service (i.e. mapped logical channels), the numerology specific power control will have different SINR targets considering the logical channel mapped on it, which is different from CA in LTE. The CC specific power control only considers the different operation conditions of each CC e.g. different frequency bands or different interference scenarios. RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies
Proposal 4: RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies．
3 Discussion on NR SRS power control scheme
For LTE system, power control for SRS is linked with that for PUSCH by one offset value in principle. The offset between PUSCH and SRS is used to guarantee reliable reception for SRS and reasonable intercell interference. In detail, SRS power control is specified as the following formula:









whereis the configured maximal allowed transmit power for a specific cell c; is the uplink PRB number for SRS transmission; is the semi-static nominal power for PUSCH;is downlink pathloss estimated in the UE for serving cell c in dB; is a cell specific pathloss compensation factor to achieve balance between cell average and cell edge throughput; is the PUSCH close loop power adjustment part for serving cell c;  is the offset value for power adjustment relative to PUSCH power control, which is semi-statically configured by higher layers. On account of simple procedure and signaling, the principle can be serve as a start point for discussion of 5G NR SRS power control scheme, which is SRS power control can be linked with PUSCH power control.
Proposal 5: SRS power control can be linked with PUSCH power control. It serves as a start point for discussing SRS power control scheme in 5G NR.
For massive MIMO in NR system, both transmit and receive beam can be flexibly changed according to network requirement and actual channel transmission condition. Fig.2 gives some examples in homogeneous network. In case 1, gNB wants to know the CSI for other beams when it finds the link quality for beam 1 is not so good. It will trigger SRS transmission with desired beams, e.g. beam 2, which may be different from the beams used by PUSCH transmission, e.g. beam 1. In case 2, the requirement for receiving beam may not be aligned when multiple UEs are multiplexed for transmission. For some UEs, the sub-optimum gNB receive beam has to be selected to guarantee multiplexing with other UEs. As one example shown in Fig.2, UE1 has to change the PUSCH transmit beam from beam 1 to beam 2 for multiplexing with UE2 in one subframe although the link with beam 1 has better channel quality. If SRS is triggered to get the CSI for the link with beam 2, the beam for SRS transmission will be different from that for previous PUSCH transmission, e.g. beam 1. Fig.3 givens the example in heterogeneous network. SRS can be used for obtaining downlink CSI with exploiting channel reciprocity. Since the transmit power may be different for different transmission points, the beams for downlink and uplink may be different. As the case 3 shown in Fig.3, SRS is used for obtaining downlink CSI and is linked with downlink beam, which is not the same as uplink beam for PUSCH. 


Fig.2 Different transmit and/or receive beams for PUSCH and SRS in Homogeneous network


Fig.3 Different transmit and/or receive beams for PUSCH and SRS in Homogeneous network
Based on above discussion, the transmit and receive beam pair for SRS transmission may be not aligned with that for most recent PUSCH transmission. Therefore, the linkage of power control parameter set between PUSCH and SRS can be not simply made as in LTE system because of variable beam between PUSCH and SRS. For different beam pair in SRS link, the power control parameter sets can be different. Thus, the process for power control can be different.
Proposal 6: The linkage of power control parameter set between PUSCH and SRS needs further discussion because of possibly variable beam between PUSCH and SRS. The process for SRS power control with different beam pair can be separate on account of possibly different power control parameter set.
4 Conclusion
Based on above discussion. We also make the following proposals:
Proposal 1: Dynamic UL-power adjustment can be used based on pathloss measurement results from DL RS for beam management. CSI-RS in P1/P2/P3 and mobility specific RS can be used for pathloss estimate in open-loop power control. 


Proposal 2: Beam specific power control parameters (and) can be optimized based on the beam pattern at UE side for each TRP-UE beam pairs.
Proposal 3: 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 4: RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies．
Proposal 5: SRS power control can be linked with PUSCH power control. It serves as a start point for discussing SRS power control scheme in 5G NR.
Proposal 6: The linkage of power control parameter set between PUSCH and SRS needs further discussion because of possibly variable beam between PUSCH and SRS. The process for SRS power control with different beam pair can be separate on account of possibly different power control parameter set.
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