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1 Introduction

In RAN1 NR Ad-Hoc meeting, the following were agreed for UL transmission power control [1]:
Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.

· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS

· FFS: on multiple type of RS 

· FFS: other DL RS

· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes α(j) and/or P0.  

· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).

· Same gNB antenna port can be used for pathloss measurement for multiple process.

· FFS: Different gNB antenna ports can be used for pathloss measurement for each process

· NR supports power control for UE side multiple panel transmission

· FFS: specification impact to support multiple panel 

· FFS: waveform independent/dependent parameters for power control
In RAN1#88, the following were agreed [2]:
Agreements:
· For beam specific power control, NR defines beam specific open & closed loop parameters. 

· FFS: details on beam common parameter(s)

· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· …
This contribution discusses UL transmission power control (TPC) aspects focused on multi-beam operation in a system using hybrid beamforming.
2 Discussion
UL power control in LTE has a role of controlling inter-cell interference while maximizing UE battery life and providing link quality corresponding to the required QoS. In a hybrid beamforming system, the same objectives need to be ensured while considering the following aspects:
Different beam gains and/or beam widths
Depending on the number of antenna elements in each panel and/or the number of antenna panels at the TX and RX of gNB or UE, different beam gains and/or different beam widths are expected. For example, the beam gain is mainly affected by the fact that how many antenna elements are used for generating a beam, and the more antenna elements are used, the larger beam gain is. The beam width, on the other hand, is dependent on the maximum distance between antenna elements, which is referred to as the aperture as shown in Figure 1, and the larger aperture is, the narrower beam width is. It is also possible that two beams with same beam width have different beam gains. So, the beam gain and/or beam width can be different among gNBs with different implementations as well as among UEs with different implementations. Also, from a single gNB perspective, the TX beam gain can be different from the RX beam gain. For example, the receiver of gNB can use more antenna elements than the transmitter in order to overcome shorter UL coverage caused by using less TX power at the UE side. Similarly, from a single UE perspective, the TX beam gain can be larger than RX beam gain for compensating shorter UL coverage.
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(a) (M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)                    (b) (M, N, P, Mg, Ng) = (4, 2, 2, 1, 1)

Figure 1: An illustration of different antenna structures
Different beam gains/beam widths at the TX and RX of the gNB or UE can cause a mismatch between DL channel and UL channel. For example, gNB’s TX beam gain and UE’s RX beam gain (DL beam gain) can be accounted in calculating DL pathloss from the UE. However, the actual UL data/control reception at the gNB is affected by UE’s TX beam gain and gNB’s RX beam gain (UL beam gain). This may lead a UE to transmit UL data/control with less transmission power than a desired transmission power, resulting in not guaranteeing the QoS of UL transmissions. Also, the mismatch may lead a UE to transmit UL data/control with more transmission power than a desired transmission power, resulting in more UE’s power consumption and more interference to other cells.

Observation 1: Different beam gains and/or beam widths at the TX and RX of the gNB or UE can cause a channel mismatch between DL and UL.

LTE systems have faced asymmetric DL/UL pathloss especially in FDD using different bands for DL and UL, and it has been resolved by gNB implementation. For example, gNB can estimate UL pathloss from UL transmissions such as RACH preamble, SRS and so on, and gNB can also estimate DL pathloss measured from the UE by using a PHR. So, if the pathloss mismatch observed from the gNB is getting larger, then the gNB can fix it by adjusting a UE-specific TPC parameter, e.g., P0_UE_PUSCH configured by RRC or δ indicated by DCI. It is expected that the pathloss mismatch problem is more severe in hybrid beamforming systems due to different beam gains and/or beam widths. So, how much the mismatch exists should be identified first and if it is severe, a mechanism to resolve the mismatch problem needs to be studied. Otherwise, similar approach to LTE can be taken.
Proposal 1: Consider the mismatch between DL and UL on the performance of hybrid beamforming.
Management of multiple beams 

It was agreed in [1] that UE measurement based on RS for beam measurement composed of K (total number of configured beams) and reporting measurement results of N selected beams. So, based on a UE’s beam measurement report, a gNB can schedule the best beam-pair to the UE (e.g., the beam-pair which can provide the best link quality between the gNB and the UE). Each beam-pair scheduled by the gNB can experience different link quality and can cause different level of interference to other cells as shown in Figure 2. So, it would be necessary that a single UE has different values of P0 and α for respective different beam-pairs but separate configuration of open-loop power control parameters for each beam-pair or beam-pair group can considerably increase signaling overhead for a very large number of beam pairs. 
Observation 2: Each beam-pair or beam-pair group scheduled by the gNB can experience different link quality and cause different level of interference to other cells.

Proposal 2: Support separate configuration of open-loop power control parameters for different beam-pairs or beam-pair groups while considering the signaling overhead.
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Figure 2: An illustration of different received SINRs for each beam-pair
On the other hand, the gNB can schedule not the best beam-pair but the second best (or the third-best) beam-pair to a UE in order to benefit from flexible beam operation and to maximize the system throughput. In this case, TPC has to be applied for the scheduled beam-pair which is not the best one and the UE needs to estimate pathloss for multiple beams.

Proposal 3: Support pathloss estimations for different beam-pairs or beam-pair groups based on gNB configuration.

A beam-pair specific or beam-pair group specific TPC may need to be adjusted fast in a system using hybrid beamforming because the beam-pair can be abruptly changed due to the blocking from moving obstacles such as pedestrians or vehicles. Then, a dynamic configuration of the UL power control parameters would be beneficial compared to a semi-static configuration. In order to support fast TPC, it may be necessary to increase the range of the TPC step size indicated by DCI and have shorter timing relationship between DCI command for TPC and the application of the TPC command. However, whether to support these will be dependent on how fast beam is changed and how fast TPC should be adjusted. So, these aspects should be studied first.
Proposal 4: Consider the rate of beam change in determining TPC rate adjustments. 
3 Conclusion
In this contribution, we have discussed UL power control aspects for NR focused on multi-beam operation in a system using hybrid beamforming. The following were observed and proposed:
Observation 1: Different beam gains and/or beam widths at the TX and RX of the gNB or UE can cause a channel mismatch between DL and UL.

Proposal 1: Consider the mismatch between DL and UL on the performance of hybrid beamforming.
Observation 2: Each beam-pair or beam-pair group scheduled by the gNB can experience different link quality and cause different level of interference to other cells.
Proposal 2: Support separate configuration of open-loop power control parameters for different beam-pairs or beam-pair groups while considering the signaling overhead.

Proposal 3: Support pathloss estimations for different beam-pairs or beam-pair groups based on gNB configuration.
Proposal 4: Consider the rate of beam change in determining TPC rate adjustments.
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