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1. Introduction
In this paper we present the RF Exposure requirement for mmWave and discuss new FCC transmitter rules for the 28 and 38 GHz bands.
2. Discussion
2.1. RF Exposure


RF Exposure evaluation is required by many regulators as part of regulatory certification of a radio device to ensure devices operate below the RF exposure limits defined by the regulator.  The applicable RF exposure limit and assessment approach is dependent on the device form factor and transition frequency band.  Regulators define RF exposure limits for their respective countries and often reference international RF exposure recommendation documents, such as ICNIRP 1998 and IEEE C95.1, directly or base their limit upon the international recommendations.
The RF exposure requirement for millimeter wave frequencies is currently defined as a power density assessment to evaluate tissue heating near the surface of the skin
.  

Table 1 summarizes the RF exposure evaluation metric versus the typical frequency ranges defined by regulators and international RF exposure recommendation documents such as ICNIRP 1998 [1] and IEEE C95.1-2005[2].  It should be noted that countries may define different frequency break points where the assessment metric transitions from SAR to power density.  

Table 1 RF Exposure Metrics

	RF Exposure Metric
	Typical Frequency Range

	· Induced electric field

· Induced current
	< 100 kHz

	· Induced electric field

· Induced current

· Specific Absorption Rate ("SAR")
	100 kHz to 6 or 10 GHz

	· Power Density
	> 6 or 10 GHz 


As previously mentioned, regulators typically either directly reference an international RF exposure recommendation or derive their RF exposure limits from the international recommendations.  In the case of power density limits for mmWave devices, the general public uniform field exposure limit is generally a consistent value adopted by regulators around the world.  Regulators, however, inconsistently define key aspects of the millimeter wave power density limit definition such as the special averaging area, time averaging provisions, and a spatial peak limit that is defined in ICNRIP 1998 and IEEE C95.1.  For example, Table 2 summarizes the FCC’s power density limit deviation from both ICNIRP and IEEE C95.1. 
Lack of a full power density limit definition, or a direct reference to an international recommendation, may introduce a compliance challenge for mmWave devices.  For example, mmWave devices used near the body that require spatial averaging 
for RF exposure compliance will encounter a compliance challenge in a country that does not recognize or define an averaging area consistent with international recommendations.

Table 2: mmWave RF Exposure Limit Comparison between the FCC and International Recommendations
	Standard
	ICNIRP 1998
	FCC  47CFR §1.1310

	Frequency Range 
	f ≥ 10GHz
	f ≥ 6GHz

	General Public / Controlled Uniform Field Exposure Limit
	10 W/m2
	10 W/m2

	Spatial averaging Area
	(average over 20cm2)
	No definition

	Spatial Peak Limit
	200 W/m2
(average over 1cm2)
	No definition

	Averaging Time
	68/f 1.05-min period (where f is in GHz)
	No definition


Power density evaluation in the far field region has well established measurement procedures.  Power density evaluation at the surface of a device operated near the body, within the antenna near field region, is a relatively new requirement that lacks established regulatory evaluation procedures.  mmWave devices will require simulations and/or measurements to demonstrate RF exposure compliance under for all required operating conditions and device use case scenarios.  Operating conditions include all antenna configurations as well as the presence of other active simultaneous transmitters.
Further discussion of RF mmWave exposure assessment challenges, such as completing near field power density measurements, and an analysis if the currently defined power density limits and recommendations are appropriate for mmWave devices is beyond the scope of this contribution.
2.2. FCC mmWave Transmitter Conformance Requirements
Regulatory requirements for new mmWave bounds have not been fully defined by international regulators.

The FCC, however, has released rules for operation in two mmWave bands for 5G operation, 27.5-28.35 and 38.6-40 GHz, in the United States as part of a FCC Report and Order
 (“R&O”).  In the R&O, the FCC defined transmitter requirement for 5G UEs and base stations. A summary of the requirements are as follows:
· § 30.202 Power limits: Max EIRP limits
· § 30.203 Emission limits: OOBE and spurious emissions limits (conducted or total radiated power)
· § 30.204 Field strength limits: Power density limits at the boarder of licensed markets

· § 30.207 RF safety- Devices must comply with FCC RF exposure limits

· § 30.208 Operability- Devices must operate in all frequencies in the band allocation

The FCC also includes requirements for Fixed Point-to-Point, Fixed Point-to-Multipoint Hub Stations, and Fixed Point-to-Multipoint User Stations in 47 CR47 Part 30 Subpart E.
· 30.401 Permissible service

· 30.402 Frequency tolerance

· 30.403 Bandwidth

· 30.404 Emission limits: LMDS emissions mask
· 30.405 Transmitter power limitations

· 30.406 Directional antennas
· 30.407 Antenna Polarization
There are three observations from the new FCC 5G mMWave limit definition that require careful consideration from the following extract of the FCC 5G mmWave emissions limits
:
47CFR Part 30.203

“(a) The conductive power or the total radiated power of any emission outside a licensee's frequency

block shall be -13 dBm/MHz or lower. However, in the bands immediately outside and adjacent to the

licensee's frequency block, having a bandwidth equal to 10 percent of the channel bandwidth, the

conductive power or the total radiated power of any emission shall be -5 dBm/MHz or lower.

(b)(1) Compliance with this provision is based on the use of measurement instrumentation employing a

resolution bandwidth of 1 megahertz or greater.

(2) When measuring the emission limits, the nominal carrier frequency shall be adjusted as close to the

licensee's frequency block edges as the design permits.

(3) The measurements of emission power can be expressed in peak or average values.”

Observation #1:  Emissions measurement method
The emissions outside the license channel block are defined in terms of “conducted” or “total radiated power”, also known as “TRP” in the industry.  The FCC has not yet defined requirements or procedures to determine the conduced emissions for a device that lacks a RF test port for conducted RF emissions measurements, or where PAs are integrated into antenna elements and measuring emissions for each array element PA is not practical.
Industry will need to work with the FCC to both define TRP evaluation procedures and methods to device conducted emissions results from radiated measurements.

Observation #2:  Emissions limit

The -13dBm/MHz limit is a potential compliance challenge for higher power UEs and eNBs operating at power levels allowed by the FCC rules.  Device manufactures must carefully review this limit value to determine compliance challenges for 5G devices.
Observation #3:  Fixed Point-to-Point and Multipoint station requirements
The Part 30.404 emissions limits are less stringent but require highly directive antennas per 30.406.
3. Conclusion
In this paper we discuss the regulatory RF exposure requirements and some regulatory transmitter requirements for mmWave devices.

RF Exposure: mmWave devices used near the body are subject to a power density limit that can be assessed through simulation or measurement.  The power density limits are inconsistently defined by regulatory and are a potential compliance challenge for countries that are not harmonized with international RF exposure recommendations for mmWave frequencies.

FCC Observation 1: The FCC defined 5G mmWave transmitter requirements in July 2016 for the 28 and 38 GHz bands.  The requirements include a potential challenging -13dBm/MHz limit.  
FCC Observation 2: The FCC limit also defines a new radiated emissions limit that allows basement in terms of total radiated power but test procedures for TRP measurements are not currently available.  In addition to TRP, the FCC limit can be assessed with respect to conducted emission but a procedure to determine conducted levels from radiated measurements must be developed.
FCC Observation 3: FCC defines requirements for fixed to fixed and fixed to multi-point services that are less stringent but have challenging antenna limitations.
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