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1. Introduction

RAN4 NR#2 approved a WF [1] for power class in mmWave OTA to specify it as EIRP. The approved WF [1] captured the followings. 
· UE power class is based on EIRP

· Maximum allowed TRP can be specified in 38.101

· If Maximum allowed TRP is applied to all the power class or not is FFS.

· How to capture the power class in the specification

This paper discusses how to use the power class definition in the specification of TS 38.101.
2. Discussion

2.1. LTE conducted specification
Before we discuss how to reflect the power class in mmWave into the specification, we review the current LTE spec. TS 36.101 defines PPowerClass of LTE as “PPowerClass is the nominal UE power (i.e., no tolerance)” and this is only referred in the PCMAX definition as below. In other words, PPowerClass is not used anywhere except for the PCMAX formula.
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with

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


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

Since the transmitter characteristics in TS 36.101 are specified at the antenna connector of the UE with a single or multiple transmit antenna(s) as described in section 6.1, PPowerClass and PCMAX don’t include antenna gain. In addition, PCMAX is referred in the RAN1 spec of TS 36.213 as a power control for as below example. 
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Furthermore, PCMAX is also referred in the power headroom (PHR) definition which is reported to the eNB. With the parameter, the network can configure TPC commands to the UE. In light of this, the power class has been used for power control mechanism in LTE.
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Observation 1: PPowerClass specified in TS 36.101 has been used for UL power control in LTE
2.2. NR OTA specification
Although the power control mechanism in NR is still under discussion in RAN1, it is expected that a similar formula of PCMAX will be defined. In this case, the power class definition in TS 38.101 will directly impact the power control and be used in TPC procedure. While it was agreed to specify the power class in EIRP, which percentile (e.g., peak EIRP, 50 % or other) should be adopted for the definition is still FFS in RAN4. We are wondering if the power class in mmWave OTA is defined with a fixed value such as peak EIRP, a conflict between UE and gNB will occur.
Just for example, let’s assume defining the power class in mmWave OTA with peak EIRP (boresight) such as 30 dBm, other parameters (e.g., MPR, Txx) are zero and PEMAX,c is enough high for simplicity. Then, the PCMAX,c is 30 dBm. This means that the NR network can signal TPC commands to the UE up to 30 dBm (i.e., PHR is zero) until the UL power is reached to the gNB receiver. The UE, however, is necessarily not oriented to the gNB and the peak antenna gain cannot always be achieved. For example, when the antenna gain is 3 dB lower than the peak (due to non-boresight), the transmission “capability” to the direction is 27 dBm. Then, the gNB should not indicate TPC commands up to 30 dBm but 27 dBm and the PCMAX,c should also be 27 dBm.
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Figure 1: An expected issue when specifying peak EIRP as OTA power class
Note that the PHR calculation can indeed be done with TRP (i.e., transparent to the antenna gains) in principle. It means, however, that MPR and A-MPR also need to be defined in TRP which cannot provide information for link budget. In addition, when TRP is the maximum value by several TPC up commands, some UEs could exceed the allowed upper tolerance of EIRP. Therefore, our opinion is still that PCMAX containing PPowerClass, MPR and A-MPR should be calculated based on a metric of beam peak to know link budget impacts by MPR/A-MPR (EIRP), which is consist with the SI outcome captured in TR 38.803.
Observation 2: Specifying OTA power class with a fixed EIRP value (e.g., peak EIRP, 50 % EIRP) will cause a conflict between UE and gNB from power control perspective
In order to address the conflict above, we propose to introduce a new parameter of Gc indicating the delta of antenna gain compared to that of the peak antenna gain for serving cell c for PCMAX for above24 as below if the power class is specified as “peak” EIRP. In the above example, Gc is 3 dB which is estimated in the UE. If the power class is specified as “50 %” EIRP, Gc can be both positive and negative compared to the 50 % EIRP value according to the UE orientation (to the gNB).
------------------

<An example of PCMAX for above24>

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with


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


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

where

-
PEMAX,c is the value given by IE P-Max for serving cell c;

-
PPowerClass is the maximum UE peak (or other another percentile) EIRP 
-
…
-
Gc is the delta of antenna gain compared to that of the peak (or another percentile) direction for serving cell c.
------------------

Proposal: It is proposed to introduce a new parameter of Gc indicating a delta of antenna gain compared to that of the peak (or another percentile) direction in the PCMAX formula for above24.
3. Conclusion

Based on the above, we propose the following.
Proposal: It is proposed to introduce a new parameter of Gc indicating a delta of antenna gain compared to that of the peak (or another percentile) direction in the PCMAX formula for above24.
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