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1. Introduction
The agreement for the power class discussion in the last meeting was that peak EIRP is defined as the power class value [1]. And LS [2] was also sent to RAN1 to clarify the mmWave UE behaviour. However, some further clarification should be made to understand the concepts more clearly. RAN4 should also decide how to define Pumax and how to do the power control test. This contribution provides some preliminary thinking.
2. Discussion
2.1 mmWave Pcmax and the power control
There were some understanding that RAN1 power control discussion was based on TRP because it’s difficult for UE to maintain all of the antenna gains for different directions and for every output EIRP level. However, when looking at RAN1 discussion more, it was found that RAN1 power control discussion actually was based on UE conducted power. TRP is defined as the average output power over the air for the whole sphere, it indeed includes the antenna impact including the antenna efficiency and the antenna gain for all of the directions, to be averaged in the final TRP performance. TRP also includes the antenna feed loss which doesn’t contribute to the conducted power. From that understanding, the LTE power control also was based on the conducted power, all of the antenna contributions were included in the coupling loss.
For mmWave, we think the similar power control approach with LTE is reasonable. When the beam pair is linked, controlling the conducted power is sufficient. The only seeming problem is that RAN4 defines power class using EIRP. EIRP and conducted power needs some link to make the RAN1 power control equation works well. Our understanding is that RAN1 can still use the similar equation but the Pcmax in the equation should be replaced with the UE maximum conducted power. The understanding is as following,
(RAN1 Pcmax) => (RAN4 Pcmax) – P_delta

The P_delta is the power difference between the UE peak EIRP and the maximum conducted power. P_delta includes antenna efficiency, antenna gain, case loss, feed loss, etc. The P_delta can be maintained by UE self, when Pcmax (peak EIRP) is configured, UE knows the conducted power using the equation above and configure the conducted power in the open loop power control. In the close loop power control, PHR is reported according to the conducted power PHR. Also the relative increased power or decreased power is corresponding to conducted power. For RAN1, physical layer may need the conducted power level for the open loop power control, we think 23 dBm can be used which is the theory conducted power in the current RAN4 understanding. If RAN1 needs maximum conducted power report, then UE can report it once and report the maximum conducted power which is the same with upper limit of TRP. That understanding works well for both RAN1 and RAN4.
The above consideration is very preliminary, more discussion in RAN4 and RAN1 is needed especially for how to link (RAN1 Pcmax) and (RAN4 Pcmax) and which spec should do the clarification.

Observation 1: RAN1 current power control discussion is based on the UE conducted power, the conversion from RAN4 peak EIRP power class definition to UE conducted power is needed. How to link RAN1 and RAN4 power class definition and which spec should do the clarification FFS.
Observation 2: The power difference between peak EIRP and conducted power includes many aspects. That power difference parameter is implementation dependent and can be maintained by UE self.
2.2 mmWave Pcmax definition in 38.101-2
The mmWave Pcmax definition should be discussed and decided after RAN4 discussion. With the understanding in clause 2.1, RAN4 Pcmax definition can use the peak EIRP approach, but there’re still some issues need study. The LTE RAN4 Pcmax is defined as following,
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with


PCMAX_L,c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}


PCMAX_H,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass}

where

-
PEMAX,c is the value given by IE P-Max for serving cell c, defined in [7];

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1;

-
ΔPPowerClass = 3 dB for a power class 2 capable UE operating in Band 41, when P-max of 23 dBm or lower is indicated or if the uplink/downlink configuration is 0 or 6 in the cell; otherwise, ΔPPowerClass = 0 dB
-
MPRc and A-MPRc for serving cell c are specified in subclause 6.2.3 and subclause 6.2.4, respectively;

-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5-2; TIB,c = 0 dB otherwise;

-
TC,c = 1.5 dB when NOTE 2 in Table 6.2.2-1 applies;

-
TC,c = 0 dB when NOTE 2 in Table 6.2.2-1 does not apply;

-
TProSe = 0.1 dB when the UE supports ProSe Direct Discovery and/or ProSe Direct Communication on the corresponding E-UTRA ProSe band; TProSe = 0 dB otherwise.

-
For a power class higher than default UE power class capable UE, ΔPPowerClass = PPowerClass – PPowerClass_Default dB, when the band is a TDD band whose frame configuration is 0 or 6; or P-max is not indicated in the cell; or P-Max is provided and set to the maximum output power of the default power class or lower, otherwise, ΔPPowerClass = 0 dB.
P-MPRc is the allowed maximum output power reduction for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.
First, some parameters may not be needed in NR. ΔTC,c, A-MPRc, and ΔTIB,c are not needed when there’s no definition in mmWave. For P-MPRc, there’s also no conclusion yet how to deal with mmWave SAR and how to handle the power back off. Before the conclusion of those parameters, they’re not included in this discussion. When they’re allowed, it’s easy to add them in the formula. The formula can be simplified as following,
PCMAX_L,c = MIN {PEMAX,c, PPowerClass – MPRc}

…(1)
PCMAX_H,c = MIN {PEMAX,c,  PPowerClass}



…(2)
More thinking is needed for mmWave. How to define Lower limit and the upper limit may not be the same with LTE. In LTE, Pcmax is a nominal value with some tolerance. LTE PCMAX_L,c  ≤  PUMAX,c  ≤  PCMAX_H,c if the tolerance is not considered. In mmWave, PPowerClass is a minimum value without tolerance following the current RAN4 understanding. Take Pcmax = 20 dBm as example, UE peak EIRP should be at least 20 dBm. For the high capability UE, the peak EIRP can be as large as > 30 dBm because the upper limit of Pcmax is 43 dBm in FCC. When PEMAX is configured as 28 dBm but Pcmax is 20 dBm and MPR is 2 dB, using equation (1) and (2), PCMAX_L,c is 18 dBm, PCMAX_H,c is 20 dBm. However, for the high capability UE with the peak EIRP capability 30 dBm, PCMAX_H,c should be 28 dBm. The problem comes from the mmWave PPowerClass is the minimum value, which means the tolerance is positive and can be very large as (43 dBm – UE exact peak EIRP capability). The solution can be using PEMAX,c as the PCMAX_H,c. Therefore, the equations can be the followings,
PCMAX_L,c = MIN {PEMAX,c, PPowerClass – MPRc}

…(3)
PCMAX_H,c = PEMAX,c



…(4)
PCMAX_L,c  –  MAX{TL,c, T(PCMAX_L,c)}  ≤  PUMAX,c  ≤  PCMAX_H,c  +  T(PCMAX_H,c)

…(5)
Observation 3: Equation (3), (4) and (5) can be considered as the Pcmax and Pumax definition.
2.3 mmWave power control test
For the mmWave power control test, there were some discussion that it can be tested in beam locked mode. That proposal is a good idea and EIRP is more reasonable as the merit. In LTE, there’re absolute power tolerance and relative power tolerance, mmWave may be slimplified. Looking at the LTE absolute power tolerance, the requirements is ~±10 dB. Considering more complicated mmWave architecture, we believe the absolute power tolerance is larger than conduced power, then if it’s necessary to test the absolute power tolerance should be discussed. For mmWave, more important power control can be the relative power tolerance, the power step can also be considered larger than conducted power because the coupling loss for mmWave is much larger than sub-6 GHz. The followings are the proposal and power control test observations.
Proposal: EIRP is used for mmWave power control test when beam is locked.

Observation 4: Whether absolute power tolerance is necessary to be defined needs discussion and justification.
Observation 5: Power step for relative power tolerance can be considered larger than sub-6 GHz.
3. Conclusion
This contribution provides some consideration of mmWave Pcmax definition in RAN4 and some preliminary thinking of how to do the power control. The RAN1 Pcmax concept’s conversion to RAN4 Pcmax agreement is also discussed. The followings are the observations and proposal in this contribution.
Proposal: EIRP is used for mmWave power control test when beam is locked.
Observation 1: RAN1 current power control discussion is based on the UE conducted power, the conversion from RAN4 peak EIRP power class definition to UE conducted power is needed.

Observation 2: The power difference between peak EIRP and conducted power includes many aspects. That power difference parameter is implementation dependent and can be maintained by UE self.

Observation 4: Whether absolute power tolerance is necessary to be defined needs discussion and justification.

Observation 5: Power step for relative power tolerance can be considered larger than sub-6 GHz.
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