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1. Introduction
mmW PCMax and power control has been discussed. Two LS have been sent to Ran1 to ask for more information [1] [2]
2. Discussion
On of the problems has been that companies take LTE as starting point. In comparison, in LTE, radiated and conducted power are the same but for mmW the beam management introduces new variables in addition to the absence on conducted reference plane. 
The key issue is that in power control equations and the mind set behind those are that there are real powers and real pathlosses considered. Which values need to include antenna gain and which values do not seem to be confusing.  


In our analysis, it seems it is not necessary to specify that. The formula above is merely a requirement which defines the expected behavior for the UE. As long as the behavior is as expected, UE will meet the requirement. There is no need to specify how the UE internal power control works. 

For example, it is sufficient if in the equation above, what is used in UE to calculate PUSHC power, PCMax and PL are used in similar fashion. If UE calculates PL with beamforming gain, it should apply PCMax in the same reference plane. Here, saying UE calculates PL with beamforming gain, it should use equivalent value for PCMax.
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Figure 1 Reference planes for power control
There is no need to specify this in 3GPP specification. UE should be able to calculate any parameter after or before beamforming. Since RAN4 allready agreed the RSRP measurement definition to include beamforming gain, then the PL estimate and setting the output power should happen in conducted domain. But no 3GPP requirement really needs to reflect this. At some point, if 3GPP decides PEMax is needed, a common method must be agreed between network and UE. Network can refer to received power from specific UE and then calculate how much network wants to limit the power for that beam. Or network can signal value in dBm and then UE uses that value to limit the conducted domain power for each beam specifically. This depends if network wants to specify beam specific PEMax or general PEMax. This is unclear since Ran1 has not discussed PEMax.   

RAN4 has agreed to define PCMax as EIRP [1], also the lower limit for the PCMax should be defined as EIRP.   Therefore, beam gain variation should be known. RAN4 can either agree this by specification, i.e. define what is min beam gain in comparison to maximum EIRP or the define a signaling to the network for this. Signaling option seems unnecessary since most UEs would just declare really large value.  

RAN4 could also define PCMax_L as beam dependent value i.e. ignore the gain droop because of beam change. This would simplify things quite much and would still provide all the relevant information to the network. It is assumed network will have beam dependent power control anyway and if a large > 20 dB variable is put on PCMax_L, it does not help much the network.

3. Conclusion

We discussed PCMax and power control aspects and concluded that in 3GPP power control and PCmax equations, it is not necessary to define if values but take the approach that as long as UE behaves as is expected by the formulas and pronciples, UE can handle the power control as it sees best.

We also provided an alternative way to specify PCMAx_L without defining min beam forming gain.    
Reference
[1]  R4-1708807, “LS on UE Power Class and Power Control “, RAN4, Interdigital, RAN4#84Bis, Berlin
[2] R4-1709147, “LS Beam management impact on power control”, Ran4, Qualcomm Incorporated, RAN4#84Bis, Berlin[image: image2.jpg]Y




1
1

