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1 Introduction
During RAN1#88, RAN1 discussed about UL power control with multi-antenna scheme and agreed that NR supports beam specific power control as baseline [1]:
	Agreements:  
· 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:  
· 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)


This contribution aims to identify the aspects which have impacts on the PHR format considering beam specific uplink power control 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 [2].  
2.1 PHR format in LTE
The power headroom reporting procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission [3], and it would also be required for NR.

LTE defines the following (normal) PHR MAC CE in Rel-8 as shown below [3]:
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Figure 6.1.3.6-1: PHR MAC control element
In Rel-10 the format was extended to support carrier aggregation. Then, there was a further extension to support PUCCH SCell and/or 32 serving cells in Rel-13 – resulting in four additional different PHR MAC CEs for carrier aggregation. Also, dual connectivity PHR MAC was defined in Rel-12. Because NR agreed that carrier aggregation (CA) and dual connectivity (DC) are the scope of phase 1 for NR WID [2], the extended version of PHR as well as the normal PHR can be used in NR also.  
2.2 PHR format for beam specific power control
Compared with the legacy LTE which uses omnidirectional transmission, with the beamforming-based transmission the measured channel condition at UE such as RSRP or path loss can fluctuate with frequent blockage and serving beam switch.

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. 
UE sends beam measurement reports based on the beam measurement events configured by the network. For example, in the case of A3 event in which quality of another beam becomes better than the serving one by an offset, UE sends beam measurement report for the N best downlink transmission beams from gNB. Then network (gNB) decides the target beam and indicates the target beam to UE. 
Reminding the RAN1 agreement to support UL power control with multi-antenna scheme and beam specific power control, PHR in L2 can be designed as below:

Option 1) Reuse legacy PHR format from LTE as it is without beam information: if UE reports only one PHR corresponding to the serving beam after the network indicates the changed serving beam to UE, the beam information of downlink transmission from gNB may not be needed (Both UE and network already knows). 
Option 2) Modify PHR format with beam information: if UE sends multiple PHRs for multiple beams, the beam information can be needed. With beam index, gNB can associate a reported PHR with a specific beam among the multiple beams. 
Proposal 1:  RAN2 needs to study whether the legacy PHR format needs to be extended to include beam information or not. 
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 needs to study whether the legacy PHR format needs to be extended to include beam information or not.
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