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1 Introduction
RAN1 discussed about UL power control with multi-antenna scheme and agreed that NR supports beam specific power control with below agreements [1][2]:
	Agreements@RAN1#88:  
· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.

· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on

· Should consider different inter-panel phase calibration cases
Agreements@RAN1#88:  
· For NR-PUSCH at least targeting eMBB,

· Open-loop power control based on pathloss estimate is supported.

· Pathloss is estimated using DL RS for measurement

· Fractional power control  is supported

· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).

· Closed-loop power control is supported, which is based on NW signaling.

· Dynamic UL-power adjustment is considered

· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported

· Power control per layer (group)
Agreements@RAN1#88bis:
· Support beam specific pathloss for ULPC
Agreements@RAN1#88bis:
· 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


This contribution aims to identify the aspects which have impacts on the PHR triggering event considering beam change and blockage with beamforming-based transmission.
2 Discussion 
One of the key features in NR is beamforming, and NR design should support efficient UL power control with the new feature of beamforming transmission. RAN1 has agreed on enhanced beamforming transmission (digital/analogue beamforming) which would extend coverage and offer increased data rate over broad frequency band. Accordingly, NR utilizes a large number of antennas compared to LTE. Based on the RAN1 discussion, NR agreed to support UL power control with multi-antenna scheme and beam specific power control [3].  
2.1 PHR triggering event in LTE
The UE power headroom report (PHR) control element is used to report the power headroom available in the UE. The PHR is encoded in 6 bits with a reporting range from -23dB to +40dB in steps of 1 dB. Network use this reported value to estimate how much uplink bandwidth a UE can use for a specific subframe. Since the more resource blocks the UE is using, the higher UE transmission power gets, but the UE transmission power should not exceed the maximum transmission power of UE. Therefore UE cannot use much resource block (bandwidth) for UL transmission if it does not have enough power headroom.
PHR can be configured either for periodic report or when the downlink path loss changed by a specific amount. For periodic reporting, a report is triggered by the expiration of the periodic_PHR_timer, which can be configured with values between 10 ms and infinity. For threshold reporting, a PHR is triggered when the path loss changes by DL_PathlossChange (1, 3, 6, or infinite dB), provided that the configurable timer prohibit_PHR_timer has expired. The prohibit_PHR_timer starts when a PHR has been transmitted and can have values between 0 and 1000 ms [4]. 
As periodic_PHR_timer gets shorter, the power headroom can be more accurate. However, it makes UE send frequent PHR and spend more transmission power. To cope with this trade-off, the path loss change threshold based PHR reporting is configured. In NR, both periodic report and threshold-based report can be baseline as PHR triggering event.  
2.2 PHR triggering event for beamforming-based transmission
The measured pathloss (PL) at UE is obtained from the difference between RSRP measurements and eNB signalled transmission power information (that is transmission power of cell-specific reference signal (CRS)).
In legacy LTE which uses omnidirectional transmission, it can be assumed that the pathloss may be changed relatively smoothly. However, in beamforming-based transmission, the measured pathloss can suddenly fluctuate with frequent blockage as well as serving beam change.
The following aspects which have impacts the PHR triggering event in beamforming-based transmission:

· Blockage (NLOS) can be of greater significance in beamforming-based transmission than in omnidirectional transmission. LOS component accounts for a sizable percentage of received power, and is crucial to the operation of a reliable beamforming-based transmission. LOS obstruction by objects such as buildings, brick and even human could lead to signal outage. 
· To handle blockage in beamforming-based transmission, network can change the serving beam based on UE feedback on measured beam quality. Serving beam change may involve a sudden drop or rise in the received RSRP, reflecting the changes in path loss and beamforming gain. 
· Based on beam measurement event configured by gNB, for example, in the case of A3 event in which quality of another beam becomes better than the serving one by an offset, UE can change the serving beam when the RSRP of target beam is higher than that of serving beam.
· Based on beam measurement report from UE, network (gNB) decides the serving beam and indicates the change of serving beam to UE. Before the beam switch procedures to target beam, UE estimate pathloss of the previous beam. After the beam change, UE can measure pathloss the new serving beam.
· Furthermore, depending on network architecture of CU/DU/TRxP, one DU (cell) can consist of multiple TRxPs. In the case of beam change across different TRxPs, the distances from UE to the TRPs can be different from each other and accordingly the path loss could have changed.

There can be two options for PHR triggering event in NR in beamforming-based transmission as below:

Option 1) Use legacy PHR triggering event as it is, with no changes. This option needs the assumption that the blockage and serving beam change in beamforming-based transmission can be covered with legacy periodic and threshold-based PH report.

 Option 2) Add new PHR triggering event if the legacy PHR triggering event cannot sufficiently cover changes in channel conditions caused by blockage, serving beam change and other reasons in beamforming-based transmission.
If every beam change trigger PHR, that can be big overhead as aspect of UE power consumption with frequent UL transmission of PHR report. In most case, the legacy PHR triggering event can detect the serving beam change which can cause delayed PHR and the erroneous PH in network (gNB) side. However, other physical layer operation including UL power control using margin, power scaling and H-ARQ can compensate the degradation from erroneous PH.
Proposal 1: RAN2 should further discuss whether new PHR triggering event with beam change is needed or not when beamforming transmission is applied.  
3 Conclusion

Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:
Proposal 1:  RAN2 should further discuss whether new PHR triggering event with beam change is needed or not when beamforming transmission is applied.
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