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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:
· 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:
· 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:
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.

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

       The UL power control is to ensure that the received power level from different UEs are within an acceptable range at eNB side. Insufficient power induces UL performance loss, and excessive power results in UE power waste and interference to other UEs. In LTE [3], UE transmit power for PUSCH transmission is derived by
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As the basis of LTE UL power control, the power formula takes many important factors into consideration.  It can be the baseline for NR design on UL power control. Any enhancement or issues can be further considered.
Proposal 1: The design on determining UE transmit power in LTE can be the baseline for NR UL power control.
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 LTE, DL pathloss estimate is calculated in the UE via measuring CRS, which is omni-directionally transmitted in all of DL subframes. As for NR, DL RS may not available for a UE in all DL subframes due to limitation of analog or hybrid beamforming. Also, a fixed reference signal may give some restrict on the NR evolution in the future. It can be considered to derive pathloss estimate from other DL reference signal. 
· If transmission and reception for a UE is performed per beam pair link, the UE may estimate pathloss from measuring DL 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.  In this case, UE may derive and maintain pathloss estimate per beam pair link, and setts a UL transmit power depending on the pathloss estimate of the delivered beam pair link. As an instance shown in Fig.1, if a beam-specific reference signal, denoted as RS type 1, is supported, the UE can calculate the pathloss estimate for each beam pair link.
· If transmission and reception for a UE is possibly performed via multiple beam pair link, UE may have some problem on pathloss determination. For instance, UE does not know which and how many beams are utilized for a DL RS transmission, denoted as RS type 2 shown in Fig.1, the UE would not be aware of what the calculated pathloss from the DL RS stands for. Especially, 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.
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   Fig.1:   RS type 1: beam-specific RS           RS type 2: RS from unknown multiple beams
For pathloss estimation, a possible direction is to associate each type of UL transmission with a type of DL RS. If a type of transmission for a UE is performed per beam pair link (e.g. preamble, scheduling request, UL data transmission scheduled with beam pair link indication), it may be associated with RS type 1. UL data transmission scheduled without beam pair link indication may be associated with RS type 2, e.g. DMRS of DL control signaling. Periodic CSI report on UL control channel may be associated with another RS type 2, e.g. CSI-RS. Since it depends on how eNB operates multi-beam DL RS transmission and UL reception, the association can be further studied. Accordingly, considering the different association, more than two power control states adjusted by TPC command may be required for UL power control. As for the items related to resource size, code rate, and Po, it can be reused as in LTE.
Proposal 2: In multi-beam based operation, association between different types of UL transmission and DL RS can be considered for pathloss derivation.
3. Conclusion

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

Proposal 1: The design on determining UE transmit power in LTE can be the baseline for NR UL power control.
Proposal 2: In multi-beam based operation, association between different types of UL transmission and DL RS can be considered for pathloss derivation.
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