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1.	Introduction
In previous RAN1 meeting, the following agreements were made on uplink power control.
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
In this contribution, we’d like to discuss the potential impact of multi-beam operation on PHR and propose PHR for multi-beam operation from RAN2 perspectives.
[bookmark: _Toc476230925]2.	Discussion
In NR, beam forming is deemed a key technology in order to compensate for a large path-loss. By using multiple antenna arrays, multiple narrow beams with higher antenna gain could cover similar level of cell coverage even on high frequency band. 
In previous meeting, RAN1 agreed to support beam specific power control as a baseline. If a UE transmits data using a single activated UL beam pair in multi-beam operation as shown in figure 1-(a), where a beam pair comprises a UE Tx beam and a gNB Rx beam, the UE can generate PHR including PH information derived from the specific beam pair link and the PH information will be transmitted per serving cell like as LTE. 
Proposal 1. A UE transmits a PHR including PH information for an activated beam pair link. The PH information is transmitted per serving cell like as LTE.
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Figure 1. Examples of UE in multi-beam operation
However, the narrow beam has the weakness that link quality can suddenly change depending on the UE movement or the blockage. Accordingly, in order to improve the link robustness, RAN1 agreed that UE should be able to maintain links with multiple DL beam pairs of one cell between multiple TRPs and the UE as described in figure 1-(b), where a DL beam pair link comprises a UE Rx beam and a gNB Tx beam and RAN1 is also under discussion on the multi-beam UL transmission. 
If the UE can also send data via multiple UL beam pair links for UL robustness, the power control factors impacting PH value in PHR may be different for different beams. Since different beams may experience different downlink path loss, for accurate power control, it will be useful to report PH information for all activated UL beam pairs. However, transmitting one or more PH(s) information for all activated beam pairs increases the MAC CE overhead of PHR. Considering the number of both configured/activated beams and serving cells, this wouldn’t be desirable. 
In LTE, PHR is used to inform the eNB of power situation of the UE so that the eNB can decide whether to allocate more resources to the UE or not. To allocate suitable resources for a UE, eNB receives PHR regularly and reflects the changes in path loss. However, since the frequent PHR transmission leads to the signalling overhead, LTE triggers the PHR based on the prohibit_PHR_timer and periodic_PHR_timer.
In NR, PHR should be designed based on the legacy parameters taking into account new feature. However, we think that the path loss change for different beams can be covered with the legacy PHR in spite of multi-beam operation. In addition, if PHR is triggered every beam changes, the signalling overhead will increase even more due to the frequent beam change in the narrow beam scenario. Considering the signaling overhead and UE complexity, we propose that no new PHR trigger event for the beam change is needed in NR and a UE transmits PHR including selected one of multiple PHs for all activated beams of a serving cell. The beam selection method can be up to UE implementation.
Proposal 2. No new PHR trigger event for the beam change is needed in NR.
Proposal 3. In multi-beam UL transmission, a UE transmits PHR including a selected one of multiple PHs for all activated beams of a serving cell. The beam selection method can be up to UE implementation.
3.	Conclusion
In this contribution, we discuss the potential impact of multi-beam operation on PHR and propose PHR for multi-beam operation as follows.
Proposal 1. A UE transmits a PHR including PH information for an activated beam pair link. The PH information is transmitted per serving cell like as LTE.
Proposal 2. No new PHR trigger event for the beam change is needed in NR.
Proposal 3. In multi-beam UL transmission, a UE transmits PHR including a selected one of multiple PHs for all activated beams of a serving cell. The beam selection method can be up to UE implementation.
1

1

image1.png
BP1

BP 2

BP3

(a) UE with a single activated beam pair(BP) (b) UE with two activated beam pairs(BPs)




