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Introduction
In RAN1#88bis the following agreements were made
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
Agreements:
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· FFS: values of X1, X2

In this contribution, we discuss some of the remaining issues on power control. 
Power control for variable PUCCH bandwidth
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.  For instance, in LTE release 13 an additional  term was introduced for PUCCH and PUCCH format 4/5, where M is the PUCCH bandwidth in number of RB. Since it is now agreed to support variable PUCCH bandwidth it is needed to include this term also for NR. 
[bookmark: _Toc481677035][bookmark: _Toc481678215][bookmark: _Toc481744796][bookmark: _Toc477957106][bookmark: _Toc477963947][bookmark: _Toc477965073][bookmark: _Toc481745552]Support a  term for PUCCH power control where M is the number of RBs used for the PUCCH transmission . 

On “beam specific” power control
It has been agreed that power control is “beam specific”. However, RAN1 has not agreed on a definition of a beam hence this agreement is a bit ambiguous and further discussions and clarifications is necessary. One interpretation could be that the power control is tied to the Beam Pair Links, which is a term that has been used in other agreements (although no clear definition exists for BPL either). In this case, one or multiple BPLs are established and maintained between the gNB and UE using beam management procedures and the power control could then be related to the CSI-RS measurement or SS block measurement that defined the BPL. 
It needs to be clarified what is meant by a “beam” in the agreement of “beam specific power control” and we likely need to await further agreements in the beam management agenda item before proceeding on beam aspects in power control procedures
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. This does therefore motivate both closed and open loop power control where the open loop part will enable the power control to adapt to these rapid changes. Even if it is not yet agreed on which RS the path loss estimation will be based on it appears likely that the precision of the path loss estimation may be limited, in particular if very narrow beams are used. This speaks in favour of using closed loop power control since it among other things can be utilized for combating estimation errors/biases obtained by the open loop power control. Therefore, just as in LTE we think that closed loop and open loop should be used for NR. 
[bookmark: _Toc477957107][bookmark: _Toc477963948][bookmark: _Toc477965074][bookmark: _Toc481677036][bookmark: _Toc481678216][bookmark: _Toc481744797][bookmark: _Toc481745553]Enable both closed and open loop power control for beam specific power control. 
Absolute and/or accumulative TPC
The transmit power control (TPC) command can be used in LTE to compensate for fast variations in the channel quality due to fast fading, imperfections in the path loss estimation (for instance bias) etc. Although the power control framework not yet has been specified in NR it appears likely that this command may become at least as important, or maybe even more important, than in LTE due to the usage of large antenna arrays and hence also narrow beams. In LTE there are two kinds of TPC commands; accumulative or absolute. The accumulative is appropriate for adjusting small differences, for instance bias, and may hence play an important role in NR. However, rapid beam switching will also occur and thus the absolute TPC command will most likely also play an important role in NR for more course tuning. Therefore, we have the following proposal:  
[bookmark: _Toc481677037][bookmark: _Toc481678217][bookmark: _Toc481744798][bookmark: _Toc481745554]Support both accumulative and absolute TPC commands. 
Layer specific PC
Introducing layer specific power control would implicitly make the power control rank dependent. Hence, if the UE changes rank it may also need to switch to other power control loops. We think this may be problematic and the potential gains by layer specific power control does not seem to justify such a fairly complex feature. It is also emphasized that, depending on the design of the power control framework in NR, layer specific power control may potentially be supported in a proprietary fashion by utilizing the beam specific power control by transmitting different layers in different beams.
[bookmark: _Toc481677038][bookmark: _Toc481678218][bookmark: _Toc481744799][bookmark: _Toc481745555]Layer specific UL power control is not required.
On panel specific power control
For the case of multi panel UEs we see no difference, in a power control sense, to the case of a single panel UE. Based on the DL RS signal, a UE would measure RSRP for the best Rx beam on each panel in case of the multi panel case. For UL transmission, either one or more panels could be used simultaneously, and the output power could be adjusted depending on which panel that is used.  This can be transparent to the gNB. So based on this understanding, multi-panel does not need to be handled differently from single panel for power control purposes, hence we see no need to introduce panel specific UL power control. Moreover, it is not clear whether panels will be an entity that is visible in specifications. It is however emphasized that depending on the design of the power control framework in NR this may implicitly be supported based on the beam specific power control. 
[bookmark: _Toc473796421][bookmark: _Toc473796776][bookmark: _Toc474097665][bookmark: _Toc474097874][bookmark: _Toc474162089][bookmark: _Toc474165081][bookmark: _Toc474165783][bookmark: _Toc477957108][bookmark: _Toc477963950][bookmark: _Toc477965076][bookmark: _Toc481677039][bookmark: _Toc481678219][bookmark: _Toc481744800][bookmark: _Toc481745556]Panel specific UL power control is not required. 
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Support a  term for PUCCH power control where M is the number of RBs used for the PUCCH transmission .
Proposal 2	Enable both closed and open loop power control for beam specific power control.
Proposal 3	Support both accumulative and absolute TPC commands.
Proposal 4	Layer specific UL power control is not required.
Proposal 5	Panel specific UL power control is not required.
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