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1 Introduction
During RAN1 NR #3 meeting, the following agreements were made on NR UL power control [1].
Agreement:





· Support at least Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number
· j is the index of open-loop parameter
· K is the index of RS resource(s) for pathloss measurement
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· MPUSCH,c is related to the scheduled BW, FFS on the details
· ΔTF,c is for single layer transmissions
· Support up to N closed-loop power control processes, i.e., fc(i,l), for NR PUSCH power control for serving cell c 
· N=2 is working assumption
· l is the index of closed-loop power control process
· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling
· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor
In RAN1 NR Ad-Hoc #2 meeting, the following agreements were made on NR UL power control [2].
Agreements:
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details
In RAN1 #89 meeting, the following agreements were made on NR UL power control [3].
Agreements:
· Support beam specific pathloss for ULPC
In RAN1 #88 meeting, the following agreements were made on NR UL power control [4].
Agreements:
· 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
NR power control framework is discussed extensively in the previous meetings including beam specific power control, numerology/service specific power control and waveform specific power control. Be aligned with the power control, the PHR should also be considered on different beams, numerologies/services and waveforms. In this contribution, we provide general considerations on power headroom design in NR considering beam specific power control.
2 [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion 
The power control formula for PUSCH are discussed and agreed in RAN1 NR #3 meeting ,where multiple open loop parameter with index j, close loop power control process with index l (l =2 for work assumption), multiple RS resource(s) with index k for pathloss measurement are supported. The relation between j, l, k is not finally decided. In previous meetings, beam specific power control is supported and the pathloss for ULPC can be beam sepcific. One open loop power control parameter set can link with one or multiple beams. For close loop part, beam specific independent power control can be used to make accurate adjustment for each beam. For one receive point, it is also possible that some beams share the same close loop power control process to reduce the complexity for maintenance of multiple close loop process. No matter the closed loop power control is beam specific or some beams share the same close loop power control process, the transmission power on each beam will be different since the open-loop power control is different on each beam. Based on the PH calculation formula, beam specific PH can be derived corresponding to the beam specific transmission power. Each beam will have one PH value. Since the beam specific path-loss is measured at UE, the gNB can’t derive PH for one beam from the PH of another beam. Therefore, the PH for which beam(s) should be reported is one issue to be studied. The purpose of PH is used to assist the scheduling in gNB on determining the number of PRBs and MCS for PUSCH transmission for one UE so that the UE’s transmission power does not exceed the maximum transmission power. The different beam specific PH should be used in the scheduler when determining the transmission on different beam. 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, one or multiple beam(s) can be used in the transmission and which beam(s) is used in the transmission can be determined by the gNB and informed to the UE. Multiple scenarios on beam based transmission including beam switch and multiple beams transmission possibly occur as following: 
· Beam switch possibly occur and should be supported, as shown in figure1, beam pair 1 is the best beam pair for UE1 and also is the current transmission beam pair. In the next scheduling TTI, beam pair 2 possibly becomes the best beam pair for UE1, the beam switch from beam pair 1 to beam2 will occur.
· Multiple beam transmission should be supported (as shown in figure1), both beam pair1 and beam pair2 can be used for UE1. 
· To multiplex with other UEs, the UE is possible to select non-best beam for transmission, as shown in figure1, beam pair 1 is the best beam pair for UE1 and also is the current transmission beam pair. In the next scheduling TTI, the scheduler in the gNB determine the UE1 and UE2 are multiplexed with the same receiver beam 2 (based on the scheduling metrics, this will bring better performance), then UE1 has to change the PUSCH transmit beam from beam pair 1 to beam pair 2 for multiplexing with UE2 although the link with beam 1 has better channel quality. 
· When MU-MIMO transmission is made, the same beam is assumed for both UEs. gNB can make flexible MU-MIMO for both UEs.


           Figure 1   The illustration on various beam based transmission scenarios

Therefore, the beam of next TTI is possibly different with the current transmission beam. As we discussed above, the different beam possibly need both different levels of power control and also different levels of beam specific PH value. The PH of current beam may be very different with the PH of the beam in next TTI. The performance loss will possibly occur if the gNB doesn’t know the PH information of the new beam. The gNB should derive the PH for multiple potential beams/beam pairs among the beam candidates thus providing the flexibility for scheduling. 
Obeservation1: To be aligned with beam specific power control, PH is beam specifically calculated at UE side.
Obeservation2: Different transmission beam(s) can be scheduled by the gNB for one UE in the consecutive TTIs.
Obeservation3: The PH calculated & reported for current TTI cann’t provide the accurate power information for other TTI, if transmission beam(s) is changed.
Proposal 1: Multiple PH value for multiple potential beam candidates should be derived by the gNB .
The straightforward solution is to report the PH values of multiple potential beam candidates. For the beam specific PH 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.). But if multiple PHR for multiple potential beam candidates are reported, the signaling overhead for PHR reporting will be N times of that in LTE system, N is the number of beams in the potential beam candidates report set .The signaling overhead of PHR will be larger if PHRs for multiple carriers are considered. Therefore RAN1 should have discussion on the optimized solution to derive relatively accurate PH values for the multiple potential beam candidates with the reduced signaling, e,g , beam group based solution 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.
Proposal 2: The RAN1 should discuss the efficient signaling method for gNB to derive PH values for the multiple potential beam candidates.

3 Conclusion
Based on above discussion, we also make the following observations and proposals:
Obeservation1: To be aligned with beam specific power control, PH is beam specifically calculated at UE side.
Obeservation2: Different transmission beam(s) can be scheduled by the gNB for one UE in the consecutive TTIs.
Obeservation3: The PH calculated & reported for current TTI cann’t provide the accurate power information for other TTI, if transmission beam(s) is changed.
Proposal 1: Multiple PH value for multiple potential beam candidates should be derived by the gNB .
Proposal 2: The RAN1 should discuss the efficient signaling method for gNB to derive PH values for the multiple potential beam candidates.
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