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[bookmark: _GoBack]1 Introduction
During RAN1 NR Ad-Hoc #2 meeting, the following agreements were made on NR UL power control [1].
Agreements:
· In NR, PUSCH and at least some type(s) of SRS can share same closed loop power control command from gNB
· FFS details, e.g., the type(s) of SRS, beam related aspects, etc.
· In NR, PUSCH and PUCCH rely on independent closed loop power control commands from gNB
· Study aspects related SRS carrier switching
Agreements:
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details
During RAN1 meeting #89, the following agreements were made on NR UL power control [2].
Agreements:
· Support beam specific pathloss for ULPC
Agreements:
· The following DL RS can be used for PL calculation for UL PC 
· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block
· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block
· CSI-RS;
· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement
In this contribution, we further discuss NR power control framework based on available conclusions, which includes the discussion on beam specific power control, numerology specific power control and waveform specific power control. The configuration parameter for power control and related PHR reporting are considered based on different beams, numerologies and/or waveforms.
2 [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion on beam specific power control
According to agreement in RAN1 #88bis meeting, NR defines beam specific open & closed loop parameters for beam specific power control. For the measurement/configuration/control of power control, it is “beam specific”. There are many explanations, such as: beam pair specific, Tx beam specific, Rx beam specific etc. If beamforming gain is just considered at one side, the link quality can not be accurately estimated because of unawareness of beamforming at the other side. It will have impact on the accuracy of power control. Thus, we believe it should be beam pair specific power control, which means both the transmit beam and receive beam are considered together for the measurement/configuration/control of power control.
Proposal 1: Beam pair specific power control are supported in 5G NR.
For path loss calculation for uplink power control, three kinds of RS can be used, which include SSS, CSI-RS and DM-RS in case with information of power offset relative to SSS. For these RS, same or different beams can be used for their transmission according to actual application scenario and configuration. The related measurement results, e.g. RSRP can be used to obtain one or multiple beam specific pathloss. For each pathloss used uplink power control, the UE behaviour needs being specified for how to determine pathloss including which and how RS(s) are used for determining beam specific pathloss. Generally, similar or finer beam will be used for CSI-RS compared with SSS. CSI-RS can track the beamforming gain with transmit and receive beam pair more accurately. Thus, CSI-RS should be used for path loss calculation for uplink power control if it is configured for beam specific RSRP measurement. As a straight scheme, one RS can be used for one beam specific pathloss measurement. According to application case, different RS can be used. If RSRP for the same beam pair is obtained by multiple RS, the combination for RSRP from multiple RS will increase the measurement accuracy to some extent. But the necessity should be clarified on account of increased complexity. For RSRP with different beam pair index measured by different RS, the enhanced measurement scheme needs being discussed on its application scenario and possible performance gain. Therefore, one RS for one specific beam pathloss measurement can serve as a start point for discussion. 
Proposal 2: One RS for one beam specific pathloss measurement can serve as a start point for discussion.
In RAN1 NR Ad-Hoc #2 meeting, it is agreed that PUSCH and PUCCH rely on independent closed loop power control commands from gNB. Next, the other power control parameters between PUSCH and PUCCH are discussed in the following. Generally, the Po for PUCCH and PUSCH can be independent because of different performance requirement, which is also used in LTE system. Full power compensation can be used for PUCCH for the robust performance requirement. To make accurate power control, the actual beamforming gain should be considered in the pathloss measurement. On account of performance requirement for PUCCH, the robust transmission scheme, e.g. diversity scheme, may be used. Then, the transmission beams may be different for PUCCH and PUSCH. In some cases, the beam pair for PUCCH can be associated with that for PDCCH on account of channel reciprocity and robust performance requirement for uplink/downlink control channel. Pathloss measurement for different beams may be used for PUCCH and PUSCH. As the reference signal for pathloss measurement, CSI-RS can be used for PUSCH on account of accurate measurement for specific beam and SSS can be used for PUCCH on account of accurate measurement for robust transmission.
Proposal 3: Pathloss measurement results for PUSCH and PUCCH can be based on different reference signals. 
In LTE power control formula, Po, alpha, pathloss are used for open loop parameter and TPC command is used for close loop parameter. In 5G NR, both the open-loop power control based on pathloss estimate and closed-loop power control are supported. When beam common parameters are discussed, multiple scenarios supported by layer/layer-group/panel specific/beam group specific/beam pair link specific power control need to be considered together, such as single/multiple panel at gNB and/or UE’s side, homogeneous or heterogeneous network. For these parameters, beam specific pathloss is already agreed. Po, alpha, TPC command may be beam specific to support flexible power control for different beams in all the scenarios. For example, when distributed panels in different TRP are considered, the guaranteed power Po for performance requirement are different for different beams on account of different receiving TPR location. In this case, beam specific power control process is also used and thus beam specific TPC is used for different beams. For beam specific TPC, it can serve as the close loop beam specific power control parameter to compensate the change of beamforming gain to some extent.
Proposal 4: Multiple application scenarios need being considered for determining beam common power control parameters. Po, alpha and TPC command can be beam specific parameter for accurate power control in multiple application scenarios. 


Beam specific power control parameters are one study point. 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 5: Beam specific power control parameters (and) can be optimized based on the beam pattern at UE side for each TRP-UE beam pairs.



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. For this case, the power control formula can be updated as follows:


where k is beam pair index or power control parameter set index linked with beam pair index.


Fig.2 Example of dynamic signaling to select pathloss measurement set
Proposal 6: Dynamic UL-power adjustment can be used based on pathloss measurement results from DL RS for beam measurement.
In RAN1 NR Ad-Hoc #2 meeting, it is agreed that PUSCH and at least some type(s) of SRS can share the same closed loop power control command from gNB. Currently, there are two kinds of SRS. One kind of SRS is used for CSI acquisition and another kind of SRS is used for beam management. For SRS for CSI acquisition, one or multiple candidate beam(s) are selected based on beam management results. Thus, some parameters including both open loop part and close part can be shared by SRS and PUSCH if the same pair is used for their link. Beam specific power control parameters for SRS needs being selected according to actual beam used for transmission. For the beam specific power control parameters, they can be in line with conclusions from power control for PUSCH. At least, they include beam specific pathloss. For offset value between PUSCH and SRS, it can be beam specific if the scenario with different receiving points needs being optimized. For SRS for beam management, it is used for beam selection for multiple candidate and thus just some candidate beams can be selected to use for PUSCH transmission. To guarantee the fair measurement for different beams, the same transmit power is used for a round of SRS transmission for all candidate beams. Thus, the same power control configuration parameters are used for SRS transmission with all the candidate beams in a round, which can be configured by gNB.
Proposal 7: The same power control parameters, e.g. Po, alpha, pathloss, TPC, can be shared between PUSCH and SRS for CSI acquisition with the same beam pair.
Proposal 8: The same transmit power is used for a round of bema management SRS transmission for all candidate beams.  
In addition to beam specific power control, the beam specific PHR reporting should also be considered to be aligned with the beam specific power control. In NR system, both transmit and receive beam can be flexibly changed according to network requirement and actual channel transmission condition. For some UEs, it is possible to have multiple potential beam candidates, and the sub-optimum gNB receive beam instead of the best beam has to be selected to guarantee multiplexing with other UEs. The multiple potential beam candidates possibly need both different levels of power control and also different levels of PHR. The gNB should derive the PHR for multiple potential beams/beam pairs for beam selection among the beam candidates thus providing the flexibility for scheduling. For the beam specific PHR calculation of the actual transmission, the beam specific transmission power should be used. For the beam without actual transmissions of PUSCHs, the PHR can be virtual PHR as in LTE. For all the beams for PHR report including the beams with and without actual transmission , whether only type 1 PHR or both type 1 PHR and type 2 PHR should be reported based on the configuration of the PUCCH (e.g. with/without PUCCH, short PUCCH or long PUCCH etc.). In addition, the beam(s)/beam pair(s) for one UE may be changed due to the movement and rotation of UE or the blockage. The beam management procedures will refine and adjust the potential beams/beam pairs continuously. With the new potential beam(s)/beam pair(s), the PHR beam set will be updated and PHR may be triggered and reported.
[bookmark: _Hlk490234420]Proposal 9: The beam specific PHR reporting should be considered and multiple PH value for multiple potential beam candidates should be derived by the gNB. 
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 or 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 available, gNb can explicitly make use of this knowledge to make a better transmit power decision. 
Proposal 10: NR gNb can utilze the knowledge of the interference generated to neighbouring cells including the impact of beamforming to determine the UE transmit power and beam together.
3 Discussion on numerology specific power control
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. In addition, there is also the case that different services (e.g. URLLC and eMBB) are on the same numerology with the different target SINR, how to set the power for this case also need to be studied.  RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies.
Proposal 11: RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies．
On account of different requirement for different numerologies target for different service, both open loop and close loop parameters can be considered for the power adjustment for different numerologies. For open loop power control part, separate parameters, e.g. Po, alpha, can be used for different numerologies. For close loop part, the TPC command can be also used for power adjustment for different numerologies. As a start point for discussion, the power control scheme with TPC adjustment based on LTE power control scheme can be used. If it can not meet requirement of power control by different numerologies, enhanced schemes can be considered.
Proposal 12: TPC adjustment based on LTE power control scheme can be used as a start point for discussion of numerology specific power control.
4 Discussion on waveform specific power control
In RAN1 #86bis meeting, it is agreed that two waveforms, i.e. DFT-s-OFDM and CP-OFDM, are supported for eMBB uplink for up to 40GHz and DFT-S-OFDM based waveform is limited to single stream transmission and targeting for link budget limited cases. And a common framework is targeted for designing CP-OFDM and DFT-S-OFDM based waveforms. Thus, the power control scheme for both waveforms needs being studied. 
On account of different power back-off for CP-OFDM and DFT-S-OFDM based waveforms, waveform specific power control parameters can be introduced for different waveforms. Since the pathloss is irrelevant with transmission waveform, the power adjustment for compensating the power back-off by the change of waveform can be simply achieved by adjusting one or more of these candidate power control parameters, e.g. P0, TPC, Pcmax, etc. For this scheme, it is simple and easy to manage and maintain. Alternatively, waveform specific power control process and independent power control can be used for each process. For comparison of both kinds of schemes, the waveform switching speed and the range of power back-off needs being considered. If transmission waveform is just switched semi-statically, there is no need to introduce multiple process for multiple waveforms. 
In addition to waveform specific power control scheme, the PHR reporting should be considered for the impact by multiple waveforms. In RAN1 #88bis meeting, it is agreed that gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms. But, it is FFS for Pcmax. On account of different MPR is used for different waveforms, the Pcmax can be different for different waveforms. In detail, larger Pcmax value can be used for DFT-s-OFDM waveform since higher MPR is required for CP-OFDM than for DFT-s-OFDM. The detail value is related with modulation mode, bandwidth allocation, normal or clipped waveform, etc. [4]. Also, it is FFS whether offset value is configured/specified or reported. For the same performance requirement, the required power difference for different waveform is related with target SINR. For example, as shown in [5], DFT-s-OFDM- requires 0.4 dB higher SNR for coverage limited (QPSK) UE without interferers. Thus, the reported PHR offset can give more accurate value for PH reporting based on set Pcmax and actual spectral efficiency and related SINR. 
Proposal 13: Different Pcmax can be used for different waveforms on account of different MPR. Reported offset can be used for gNb to know the power headroom differences for different waveforms. 
5 Conclusion
Based on above discussion. We also make the following proposals:
Proposal 1: Beam pair specific power control are supported in 5G NR.
Proposal 2: One RS for one beam specific pathloss measurement can serve as a start point for discussion.
Proposal 3: Pathloss measurement results for PUSCH and PUCCH can be based on different reference signal.
Proposal 4: Multiple application scenarios need being considered for determining beam common power control parameters. Po, alpha and TPC command can be beam specific parameter for accurate power control in multiple application scenarios.


Proposal 5: Beam specific power control parameters (and)  can be optimized based on the beam pattern at UE side for each TRP-UE beam pairs.
Proposal 6: Dynamic UL-power adjustment can be used based on pathloss measurement results from DL RS for beam management.
Proposal 7: The same power control parameters, e.g. Po, alpha, pathloss, TPC, can be shared between PUSCH and SRS for CSI acquisition with the same beam pair.
Proposal 8: The same transmit power is used for a round of bema management SRS transmission for all candidate beams.
Proposal 9: The beam specific PHR reporting should be considered and multiple PHR for multiple potential beam candidates should be derived by the gNB.
Proposal 10: NR gNb can utilze the knowledge of the interference generated to neighbouring cells including the impact of beamforming to determine the UE transmit power and beam together.
Proposal 11: RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies．
Proposal 12: TPC adjustment based on LTE power control scheme can be used as a start point for discussion of numerology specific power control.
Proposal 13: Different Pcmax can be used for different waveforms on account of different MPR. Reported offset can be used for gNb to know the power headroom differences for different waveforms.
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