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Introduction
In RAN1#88, the following agreement was made on power control[1]:
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 some of the remaining issues on power control. The topic of path loss estimation for UL power control is discussed in our companion contribution [3]. 
[bookmark: _Ref178064866]Discussion
In, for instance LTE release 10, the setting of the UE Transmit power for a physical uplink control channel (PUCCH) transmission is defined as follows:

Here  is the transmit power to use in a given subframe and  is the pathloss estimated by the UE. For PUSCH one instead use the equation 

where c denotes the serving cell and  is the transmit power to use in a given subframe. These formulas have been modified in later releases of LTE. 
[bookmark: _Toc477965070]In LTE release 13 a additional  term was introduced for PUCCH and PUCCH format 4/5
[bookmark: _Toc477957106][bookmark: _Toc477963947][bookmark: _Toc477965073]NR should similarly consider a  term for PUCCH if variable PUCCH bandwidth is supported. 
On open vs. closed loop for beam specific power control
In NR, narrow beams in both DL and UL are expected to be used and frequent beam switching is expected due to UE movement. This makes it important to be able to perform fast power control since there may occur large rapid changes in RSRP due to, for instance, beam switching. Furthermore, in order to conduct the UL power control the estimated path loss, in a beam specific sense, will most likely be based on CSI-RS. However, since a very flexible CSI-RS framework is envisioned in NR (including aperiodic, semi-persistent as well as periodic CSI-RS) it is possible that the CSI-RS is absent or transmitted relatively seldom in some cases. Similar to LTE closed loop and open loop should be used together. 
[bookmark: _Toc477957107][bookmark: _Toc477963948][bookmark: _Toc477965074]Enable both closed and open loop power control for beam specific power control. 
Beam pair link specific power control
A beam pair link (BPL) is a radio link described by a pair of beams, one at the gNB Tx side and the other at the UE Rx side.  BPLs can be used either simultaneously during one transmission interval or in different time intervals to support robust data transmission between an gNB and a UE. Due to different propagation conditions, different pathlosses can be experienced in different beam pair links. In order to account for this, independent power-control loop processes per BPL could enable accurate uplink power control for both data-channel, control-channel, and reference signal transmissions.  A UE needs to maintain at least a separate pathloss per BPL for open loop power control and an independent power accumulation function for each BPL. Independent power control per BPL would also allow the support of multi-layer transmission over multiple BPLs on different TRPs. 
[bookmark: _Toc474162080][bookmark: _Toc474165776][bookmark: _Toc477965071]Independent power control loop per BPL is needed for accurate uplink power control and for multi-layer transmission over more than one TRPs. 
[bookmark: _Toc473796419][bookmark: _Toc473796773][bookmark: _Toc474097662][bookmark: _Toc474097871][bookmark: _Toc474162086][bookmark: _Toc474165078][bookmark: _Toc474165781][bookmark: _Toc477963949][bookmark: _Toc477965075]Consider to support independent power control loop and parameters for different beam pair links.
On multiple panels
When a UE has multiple panels, there is an ongoing discussion on how to perform beam reporting in establishing multiple BPLs, either set based or group based [2]. However, from power control point of view there seems to be no difference from BPLs with a single panel. For each DL Tx beam, a UE would measure RSRP for the best Rx beam on each panel. The UE keeps a list of best Rx beams and the corresponding panels for all DL Tx beams. For UL transmission, either one or more panels could be used simultaneously, pathloss may be adjusted by the UE depending on which BPL on which panel that is used.  This can be transparent to gNB. So based on this understanding, multi-panel does not need to be handled differently from BPLs for power control purpose. 
Thus we have the following observation:
[bookmark: _Toc474162083][bookmark: _Toc477965072]Multi-panel power control can be handled in a similar way as for BPLs, so there seems to be no need to treat multi-panel separately.
Based on the above observations, we have the following proposal:
[bookmark: _Toc473796421][bookmark: _Toc473796776][bookmark: _Toc474097665][bookmark: _Toc474097874][bookmark: _Toc474162089][bookmark: _Toc474165081][bookmark: _Toc474165783][bookmark: _Toc477957108][bookmark: _Toc477963950][bookmark: _Toc477965076]Unless there are other compelling reasons, the same power control mechanism for multiple BPLs may be used for multiple panels.
Conclusions
In this contribution we made the following observations:
Observation 1	In LTE release 13 a term  was introduced also for PUCCH for PUCCH format 4/5
Observation 2	Independent power control loop per BPL is needed for accurate uplink power control and for multi-layer transmission over more than one TRPs.
Observation 3	Multi-panel power control can be handled in a similar way as for BPLs, there seems to be no need to treat multi-panel separately.

Based on the discussion in this contribution we propose the following:
Proposal 1	It should for NR be considered to include a term  for PUCCH in order to better support the case of more than one PRB for PUCCH.
Proposal 2	Enable both closed and open loop power control for beam specific power control.
Proposal 3	Consider to support independent power control loop and parameters for different beam pair links.
Proposal 4	Unless there are other compelling reasons, the same power control mechanism for multiple BPLs may be used for multiple panels.
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