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1 Background

In this contribution we discuss some aspects on EMF exposure regulations and their implications on the specification of UE maximum output power, UE power class and power sharing between FR1 and FR2.

2 EMF exposure regulation
To prevent from established adverse health effects associated with exposure to radio frequency (RF) electromagnetic fields (EMF), safety guidelines have been published by the International Commission on Non-Ionizing Radiation Protection (ICNIRP) [1]. The ICNIRP limits have been adopted in regulations in the EU and in most countries worldwide. In North America, the limits provided by the Federal Communication Commission (FCC) are applicable [2]. 

At frequencies above 6 GHz (FCC) and 10 GHz (ICNIRP), the exposure limits change from SAR (measured in W/kg) to free-space incident power density (PD, measured in W/m2). Previous investigations have shown that the ICNIRP and FCC exposure limits are more restrictive in terms of maximum allowed output power in uplink in the “high frequency” range [4].

ICNIRP limits are undergoing review and update; an updated revision of the limits is expected to be available for public consultation in June 2018. Already in 2016 [5] the FCC mentioned about the intention to revise the applicable limits in the US through the RF Inquiry process [6]. Although started in 2013, the timeline and outcome of this process seem less certain. For the early deployment of 5G NR it is reasonable to expect that the current ICNIRP and FCC limits will be applicable. From the late 2018, new ICNIRP limits might be published and potentially could be adopted by some countries as a regulatory requirement in 2019. 

IEEE is undertaking a revision of its C95.1 exposure standard and a draft is now out for balloting [7]. The limits newly proposed by IEEE are expected to be similar to what will be published by ICNIRP later this year (since they are based on the same available science). In this document, the implications of current FCC and ICNIRP limits and possible future limits (based on the available IEEE draft) on 5G NR UE above 6 GHz are presented. Such limits, in terms of incident power density and applicable for the general public, are summarized in Table 1. 

Table 1
General public RF exposure limits valid above certain transitions frequencies, [image: image2.png]
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3
Implications of exposure limits on 5G NR UE

In [4], radio-frequency (RF) electromagnetic field (EMF) exposure evaluations were conducted in the frequency range 10 - 60 GHz for simplified array antennas intended for user equipment (UE). The maximum transmitted power to comply with RF EMF exposure limits currently specified by ICNIRP and FCC was determined based on numerical power density simulations considering effects of frequency (f), array size (ground-plane backed arrays with [image: image10.png]N x N



 dipole elements, with [image: image12.png]N e[2 10]



), distance to exposed part of human body (d), and beam steering range (a progressive phase shift [image: image14.png]By €0 m/V2|



 was used; for the selected inter-element distance of half-wavelength and the ideal case of no coupling among the antenna elements this would correspond to an azimuthal scan range of[image: image16.png]a € [0° 457]



). In this contribution, this analysis is extended to include also possible future limits according to IEEE draft (as provided in Table 1).

Table II constitutes a summary of the obtained results for the considered parameter space. For a particular application, however, only a subset of the considered domain may be relevant (e.g. array sizes). 

In general, as the physical array size is increased the transmitted power is distributed over a larger area which for a small distance [image: image18.png]


 translates to a larger acceptable maximum transmitted power.

In addition to the maximum transmit power, the corresponding maximum EIRP is provided in the table. Since the physical array size scales with frequency, the maximum antenna gain is frequency independent; the variation in maximum EIRP corresponds to the variation in maximum gain as function of array size.

Results are presented for distances [image: image20.png]d =0.5cm



 for a maximum exposure scenario with the arrays transmitting directly towards the human body. This distance is of relevance for portable devices1, i.e. UEs used in close proximity of the body (handsets, tablets, wearables). 

Table 2
Examples of maximum transmitted power and maximum EIRP to comply with the ICNIRP, FCC and the possible future IEEE RF EMF exposure limits for the general public, based on simplified array antenna models and assuming conservative exposure conditions. These values provide a general estimate and cannot be generalized for any UE.
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)
	10
	9.0 – 230
	13 – 20 
	7 – 18 
	14 – 28
	24 – 45 
	18 – 43 
	25 – 53

	
	20
	2.3 – 56 
	13 – 16 
	2 – 13 
	13 – 22
	24 – 41 
	13 – 38 
	24 – 47

	
	30
	1.0 – 25
	13 – 14 
	1 – 10
	12 – 18
	24 – 39 
	12 – 35 
	23 – 43

	
	40
	0.56 – 14 
	13
	1 – 8 
	12 – 15
	24 – 38 
	12 – 33 
	23 – 40

	
	50
	0.36 – 9.0
	13
	1 – 6 
	11 – 13
	24 – 38 
	12 – 31 
	23 – 38


1 FCC terminology used to denote devices intended to be used at a distance of less than 20 cm from the human body.
The purpose of the numerical study presented above was to provide an indication of the maximum transmitted power levels and maximum EIRP for array antennas operating above 6 GHz in order to comply with all major RF EMF exposure standards. Such values are dependent by intended usage conditions of the device, antenna design and based on the applicable compliance testing procedure (see Section 4); the wide parameter space investigated might not always be relevant for realistic UE and the number in Table II should not be considered as reference values.
3 Compliance assessment procedure

While organizations such as ICNIRP specify the EMF exposure limits values based on a thorough review of the scientific literature, testing procedures and methodologies are developed by standardization bodies such as the International Electrotechnical Commission. In January 2018, the IEC Technical Committee (TC) 106 approved a Technical Report (TR) [8] providing guidance on EMF compliance assessment methodologies applicable for devices operating at frequencies above 6 GHz. In the short-term, this document is expected to be the de-facto standard for EMF compliance measurements above 6 GHz.  Meanwhile work will continue within IEC to produce two formal standards (addressing numerical and measurement methodologies) based on the content of the TR, with expected publication in 2020.

The TR describes the compliance methodologies and equipment to be used to measure incident power density in the near-field of UE in addition to the device configurations for testing (e.g. operating modes, power levels, test frequencies, DUT positioning and evaluation points). It also provides an example of a test case where measurements were conducted on a 5G UE mock-up device operating at 28 GHz.
4 RF exposure for devices operating above and below 6 GHz
The examples summarized in Table 2, were determined for simplified antenna models operating in a single frequency band. For UE with multiple transmitters operating simultaneously at different frequencies, EMF compliance assessments should be based on the total cumulative exposure value (i.e. including all transmitters). Guidance on how to combine exposure for simultaneous transmitters is provided in [8]. In general, this would require evaluating the total exposure ratio (ER):
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where
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 is the exposure ratio for the ‘low bands’ (
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), i.e. for which exposure limits are provided in terms of SAR. It is therefore given by the ratio of the assessed SAR ([image: image33.png]SARg)



 over the relevant SAR limit.  [image: image35.png]ERyg



 is the corresponding exposure ratio for the ‘high bands’ (
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), i.e. the ratio of the assessed incident power density[image: image38.png]
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. In order to meet compliance ERtot should be lower or equal to 1.

Because the ER contributions are summed spatially, the aggregated exposure value will depend on the spatial distribution from the different sources. In principle, if the antenna elements are close, their contribution to exposure is expected to overlap leading to a larger ER. If the SAR and power density maxima are spatially separated, the aggregate exposure may be evaluated by selecting the highest exposure ratio in terms of peak spatial average SAR (
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).  In modern UE form factors the volume employed by new technologies is shared with that of existing technologies and the ER might significantly impact transmit power in ‘low bands’ and ‘high bands’.
5 Possible technical solutions to facilitate EMF compliance

As shown in Table 2, the antenna dimension or array size plays a major role in determining the maximum allowed output power to comply with the RF EMF exposure limits for devices like tablets and mobile phones. 

For larger arrays the transmitted power is spread over a larger physical surface which implies a reduced power density close to the antenna. In addition, the larger array size implies a larger array gain and therefore a higher EIRP improving the link performance. In [4] a method was investigated where the antenna dimension is increased by allowing the distance between the array elements, (d, to extend somewhat beyond half a wavelength. A possible drawback is that the interference in the system may increase due to transmission of energy in unwanted directions via the resulting grating lobes. A remedy to this problem, without increasing the number of transceivers, would be to make use of sub-arrays. With one transceiver per subarray the inter-element distance between each element can be reduced e.g. to [image: image44.png]0.51



 to avoid grating lobes.

Ad-hoc technical solutions might be implemented in the user equipment to ensure compliance with the EMF exposure limits. For instance, the usage of proximity sensors will allow to regulate the transmit power when the device is in close proximity of the body allowing for larger power levels in other conditions. 
Alternative solutions could envision to direct the energy away from the body, maintaining the exposure for the user (and for bystanders) within the limits. 
Moreover, since EMF limits are intended to be averaged over time (in the order of minutes up to 30 GHz) compliance could be ensured by regulating the time-average output power of the device allowing for larger peak power levels (some regulators like the FCC, however, do not yet allow time-averaging to be factored in the exposure assessments). 
These solutions will allow for larger transmit power levels than what described by the available literature (e.g. [3] and [4]).
6 Conclusions and recommendations
3GPP power class specifications for UE should be set considering the need to comply with applicable EMF exposure limits and regulations.

Above 10 GHz, preliminary investigations have indicated that for handheld devices with EIRP larger than 30 dBm, EMF compliance will be challenging (especially with current US regulation). For UE configurations characterized by maximum EIRP of 20 - 25 dBm, EMF compliance is possible. The antenna configuration and integration are likely to play a large role in determining compliance with the EMF exposure limits as well as the possibility to make use of ‘technical solutions’ as those described in Section 6.

For non-hand-held UE, such as customer premises equipment and some IoT devices, larger EIRP values can be achieved because of the larger intended user to device separation distance than for handsets, wearables and tablets. Different power classes might therefore be relevant for different types of equipment.  

Further investigations are needed to study the implications of EMF exposure limits with proposed RAN4 UE configurations, possibly based on realistic UE implementations. On this matter, a recommendation is made for 3GPP to liaise and collaborate with IEC TC 106 (“Methods for the assessment of electric, magnetic and electromagnetic fields associated with human exposure”).

3GPP should advocate for the use of internationally harmonized and science-based EMF exposure limits.  The current differences in the EMF regulations might lead to different pre-requisites for different regions. 

For UE with multiple transmitters operating simultaneously at different frequencies, EMF compliance assessments should be based on the total cumulative exposure value (i.e. including all transmitters). Therefore the power level allowed to meet compliance for equipment operating both above and below 6 GHz cannot generally be established independently.
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