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1. Introduction

RAN4#84 approved two LS’s related with power class in mmWave OTA to RAN1 [1, 2] as below. 
· LS on UE Power Class and Power Control [1]
· For UE Power Class definition for above 24 GHz range:

· RAN4 agreed to define the UE power class for this spectrum range based on EIRP values.

· A UE Maximum TRP limit will be defined in order to limit the UL interference.

· Pcmax will be defined for above 24 GHz range in terms of EIRP that includes the antenna beam-forming gain.

· For the power control related topics, RAN4 made the following agreements so far:

· The RSRP and CSI-RSRP measurements definition include the Rx beamforming gain for OTA measurements (above 24 GHz range).

· For conducted testing (sub-6GHz range) RSRP and CSI-RSRP measurements reference point can be maintained at the UE antenna connectors.
· LS Beam management impact on power control [2]
· RAN4 would like to understand if RAN1 assumes independent power control per beam and power changes due to beam changes are managed separately i.e. there will be two PHR processes or if power changes due to beam changes are included in the same power control process and same PHR reporting.

For appropriate PCMAX spec for above24, we need to wait for the RAN1 answer whether independent power control per UE (i.e. PCMAX is an unique parameter in the UE) or per beam (e.g. PCMAX,beam). In light of this, we discuss two possible approaches for both cases in this contribution. Note that we here assumed power class for above24 defined by peak EIRP over the sphere (best beam) as an example. If other power class definitions are adopted in RAN4, the PCMAX formula proposed in this contribution can also be optimized later.
2. Alignment between EIRP PCMAX and CDF concept
2.1. In case of power control “per UE”
This case was already discussed in the last meeting [3]. The paper proposed to introduce a new parameter of G as depicted in Figure 1. G enables mmW UEs to minimize an error between calculated PCMAX (in the UE) and achievable one according to the UE direction oriented to the gNB. The mechanism is the following.
Just for example, let’s assume defining the power class in mmWave OTA with peak EIRP (best beam) such as 30 dBm, other parameters (e.g., MPR, Txx) are zero and PEMAX is enough high for simplicity. Then, the PCMAX is set as 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 device rotation), the transmission “capability” to the direction is 27 dBm. Then, the gNB should indicate TPC commands up to 27 dBm and the PCMAX (=cap) should also be 27 dBm. Otherwise, PHR is mistakenly calculated and gNB continues to configure TPC excessively.
In order to address the issue, we proposed to introduce a new parameter of G indicating the delta of antenna gain compared to that of the peak antenna gain (best beam) for PCMAX for above24. This enables the PCMAX formula to reflect the CDF concept. An argument would be whether NR UEs can estimate the antenna gain in real operation or not. It would indeed be challenging to know antenna gain of all directions correctly. Our understanding is, however, that it would be possible to remember limited number of EIRP of each beam peak (i.e. 20, 24, 25, 26 and 27 dB in Figure 1 where UE has six beams as a simple example) in advance (design phase). Note that this is also required for PCMAX “per beam” discussed in section 2.2 below. EIRP of other directions other than the each peak would be deemed as tolerance.
How to specify G values into the spec also needs to be clarified. Since G is one of essential relaxations such as MPR, we need to know the exact values from the spec in light of link budget point of view. Although all possible G should be tested ideally, it may not be realistic since number of beam is different with respect to each UE. Hence, our proposal is to specify limited number of G according to CDF percentiles to be specified. Below example is to have two G requirements if RAN4 decides to specify an EIRP requirement at 20 %tile. This means that the test equipment also needs to memorize the UE direction where the EIRP requirement at 20 %tile is met, or CDF and PCMAX need to be tested keeping the same UE direction at a time.
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Figure 1: Explanation of G
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Figure 2: G derived from CDF curve (extract from [4])
------------------

<An example of PCMAX for above24>

PCMAX_L ≤  PCMAX  ≤  PCMAX_H with


PCMAX_L = MIN {PEMAX, (PPowerClass – ΔPPowerClass) – MAX(MPR + A-MPR + ΔTxx + G, P-MPR)}


PCMAX_H = MIN {PEMAX,  PPowerClass – ΔPPowerClass}

where

-
PEMAX is the value given by IE P-Max;

-
PPowerClass is the maximum UE peak EIRP over the sphere #i.e. best beam
-
…
-
G is the delta of antenna gain compared to that of the peak direction (#i.e. best beam)
------------------

Proposal 1: In case of power control “per UE”, a variable parameter G indicating the delta of antenna gain compared to that of the peak direction should be introduced

2.2. In case of power control “per beam”
If RAN1 answers that their assumption is independent power control per beam, PCMAX should also be defined per beam such as PCMAX_beam in RAN4 spec. As mentioned above, this case also has the same issue that UEs need to remember limited number of EIRP of each beam peak (e.g. 20, 24, 25, 26 and 27 dBm in Figure 1) in order to minimize an error of calculation i.e. PCMAX_beam and achievable EIRP according to the UE direction. In this case, PCMAX_beam needs to include another variable parameter such as Ppeak which itself expresses limited number of EIRP of each beam peak (i.e. 20, 24, 25, 26 and 27 dBm in Figure 1). This description is essentially no different from PCMAX per UE discussed in section 2.1.
------------------

<Another example of PCMAX for above24>

PCMAX_L_beam ≤  PCMAX_beam  ≤  PCMAX_H_beam with


PCMAX_L_beam = MIN {PEMAX,  (Ppeak – ΔPPowerClass) – MAX(MPR + A-MPR + ΔTxx, P-MPR)}


PCMAX_H_beam = MIN {PEMAX,  PPowerClass  – ΔPPowerClass}

where

-
PEMAX is the value given by IE P-Max;

-
PPowerClass is the maximum UE peak EIRP over the sphere #i.e. best beam
-
…
-
Ppeak is the variable number indicating EIRP of each beam peak (#i.e. 20, 24, 25, 26 and 27 dB in Figure 1)
------------------

Proposal 2: In case of power control “per beam”, a variable parameter Ppeak which itself expresses limited number of EIRP of each beam peak (i.e. 20, 24, 25, 26 and 27 dBm in Figure 1) should be introduced

3. Conclusion

Based on the above, either proposal 1 or 2 should be approved according to the RAN1 answer.
Proposal 1: In case of power control “per UE”, a variable parameter G indicating the delta of antenna gain compared to that of the peak direction should be introduced

Proposal 2: In case of power control “per beam”, a variable parameter Ppeak which itself expresses limited number of EIRP of each beam peak (i.e. 20, 24, 25, 26 and 27 dBm in Figure 1) should be introduced
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