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1. Introduction

   For 5G new radio design, some aspects are considered for UL power control for multi beam based approach [1][2][3]:

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 [image: image2.png]
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· 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

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

· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.

· FFS: offset configured/specified, reported, 

· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

Agreements:

· Support beam specific pathloss for ULPC
Agreements:

· 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

In this contribution, we discuss possible consideration on pathloss derivation for UL power control for the multi-beam based approaches. 
2. UE transmit power control considerations 

    For utilizing high frequency bands, e.g., above 6GHz, beamforming utilizing large number of antennas is a means to compensate the large path loss which induces limited cell coverage. Multiple beams are used for covering DL coverage area and/or UL coverage distance of a TRP/a UE. In addition, channels/signals/ measurement/feedback may be transmitted/ received on multiple beam pair links, to improve data reliability and/or data rate. In this situation, which beams are utilized for transmission/reception may or may not be transparent or unknown to the UE. How to derive the pathloss for UL power control should be considered. 
In last RAN1 meeting, it is agreed to support beam specific pathloss for UL power control. The pathloss can be derived from CSI-RS, or SSS (with DM-RS for PBCH if power offset between SSS and the DM-RS is known by the UE). The pathloss derived from SSS may be used for power control for PRACH and msg 3. As for CSI-RS, it may be more accurate and proper for UL data and UL control transmission since gNB can adjust the transmitting/receiving beam(s) for UE. Thus, the pathloss derived from CSI-RS may be used for power control for UL data and UL control transmission after UE specific CSI-RS has been configured for UE. Moreover, there are two possible ways to utilize beam specific pathloss for deriving UL power control.
· If transmission and reception for a UE is performed per beam pair link, the UE may estimate pathloss from measuring CSI-RS per beam pair link. Which beam pair link for UL data or control transmission can be indicated in control signalling or configured via higher layer. The beam pair link may be implicitly indicated via an associated CSI-RS configuration. In this case, UE may set UL transmit power depending on the pathloss estimate of the indicated CSI-RS for the associated UL data and UL control transmission.
· If transmission and reception for a UE is possibly performed via multiple beam pair links, or if DL/UL beam correspondence is not perfect, UE may have some problem on pathloss determination. Since UE may not exactly know which and how many beam pair links are utilized for a CSI-RS transmission, the UE would not be aware of what the calculated pathloss from the CSI-RS stands for. Also, the UE may not know whether the network performs joint reception from multiple beam pair links. Considering that the beams for pathloss derivation may be different from the beams for reception of UL transmission, it would be hard for UE to calculate pathloss estimate and determine a proper UL transmit power. In this case, combined pathloss derivation may be considered. For instance, a combined pathloss for determining UL transmit power may be derived from a function comprising the pathloss values of multiple beam pair links, such as minimum, maximum or weighting average of the multiple pathloss values. The power compensation based on actual multiple beams operation can be adjusted by TPC command.
Proposal 1: If transmission and reception for a UE is performed per beam pair link, UE can set UL transmit power depending on the pathloss estimate of the indicated associated CSI-RS.

Proposal 2: If transmission and reception for a UE is possibly performed via multiple beam pair links, or if DL/UL beam correspondence is not perfect, combined pathloss derivation can be considered for setting UL transmit power. 

3. Conclusion

In this contribution, we discuss the UL power control in multi-beam based operation and have the following proposals:

Proposal 1: If transmission and reception for a UE is performed per beam pair link, UE can set UL transmit power depending on the pathloss estimate of the indicated associated CSI-RS.

Proposal 2: If transmission and reception for a UE is possibly performed via multiple beam pair links, or if DL/UL beam correspondence is not perfect, combined pathloss derivation can be considered for setting UL transmit power. 
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