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1 Background

RAN4 has recently discussed the use of uplink duty cycle [1] allowing higher EIRP under the EMF regulations, but also concerns of excessive use of power management (P-MPR) for EMF compliance raised in [2].

This contribution provides an update on the RF EMF exposure limits and regulations applicable above 6 GHz and their implications on 3GPP work. It follows a previous study submitted to RAN4#86 [3]. On July 10th, the International Commission on Non-Ionizing Radiation Protection (ICNIRP) published a draft of the revised Radio Frequency Exposure Guidelines (originally published in 1998) [4]. This draft is based on a comprehensive review of the literature on RF health effects and is the result of several years of work. The document was made available for a three-month public consultation, and ICNIRP will now review the comments received, and finalize the guidelines with expected publication during 2019. In October, also the Federal Communications Commission (FCC), provided further guidance of relevance for RF EMF compliance of devices operating in the FR2 bands [5]. An overview of ICNIRP and FCC advances is summarized below and some general recommendations of relevance for 3GPP are provided. It is anticipated that the conclusions and considerations made in [3] are overall still valid: for UE power classes with EIRP in the range 20 - 25 dBm, EMF compliance is generally possible.  
2 RF EMF exposure limits and regulations
Table 1 provides a summary of the ICNIRP draft exposure limits [4] applicable for FR2 and the recent FCC update  [5] compared with what reported in R4-1802352 [3]. 
Table 1
General public RF EMF exposure limits valid above the frequency [image: image2.png]
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= frequency in GHz). The term ‘Old’ refers to the limits reported in the previous contribution R4-1802352 [3]; the term ‘New’ takes into account the draft ICNIRP guidelines [4] and the FCC update [5].
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ICNIRP draft incident power density limits decrease exponentially as function of frequency (55*f--0.177)  from 40 W/m2 at 6 GHz down to 20 W/m2 at 300 GHz, and the limit value at 30 GHz is about 30 W/m2. The averaging area is reduced from the current 20 cm2 to 4 cm2 between 6 GHz and 30 GHz and 1 cm2 above 30 GHz. The FCC applicable averaging area is changed from 1 cm2 to 4 cm2.
Exposure limits as provided in Table 1 are intended to be time-averaged. ICNIRP [4] specifies an averaging time of 6 minutes (constant up to 300 GHz) while for the FCC [5], the averaging time (proposed as interime guidance) is 8 seconds in the range 16 – 24 GHz, 4 seconds from 24 to 42 GHz and 2 seconds at higher frequencies. In addition, ICNIRP also proposes energy density limits (J/m2) over shorter times than 6 minutes in order to prevent from high fluence pulses which are not reported in the table above and of which the implications are outside the scope of this contribution.

It should be noted that [4] still is in a draft stage and that ICNIRP is expected to publish the new guidelines in 2019. Until then, the countries which have adopted the current ICNIRP limits are not expected to make changes in their regulations. In addition, since the revision process has not been finalized, the values in Table 1 may not be the final ones (although major changes are not expected). Also the FCC may issue new rulemaking going forward that could affect the guidance in [5]. 
3
Implications of RF EMF exposure limits on 5G NR UE

In [3], the maximum transmit power for handheld UE to comply with RF EMF exposure limits was estimated based on simulations of simplified antenna models of NxN ground-plane squared dipole arrays [image: image10.png]N e[2 10]



. Additional information on the simulation setup is availble in [6].  In this contribution, the analysis is extended to take into account the limits provided in Table 1.

Table 2 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). 

Results are presented for the separation distance d = 0.5 cm for a maximum exposure scenario with the antenna 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 [4] draft and FCC [5] limits described in Table 1 (‘New’ column). These values provide general estimates and cannot be generalized for any UE.
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)
	10
	9.0 – 230
	13 – 25
	8 – 19
	24 – 50
	19 – 44

	
	20
	2.3 – 56 
	11 – 19
	6 – 14
	23 – 44
	18 – 39

	
	30
	1.0 – 25
	11 – 16
	6 – 11
	22 – 41
	17 – 36

	
	40
	0.56 – 14 
	6 – 12
	6 – 10
	17 – 37
	17 – 35

	
	50
	0.36 – 9.0
	5 – 11
	6 – 9
	17– 36
	17 – 34


The values in Table 2 were derived without taking time averaging into account. Since the averaging time is larger than the frame length, for TDD systems the maximum transmit power during uplink transmission will depend on the ratio of uplink/downlink resource allocation. For instance, assuming a DL duty cycle of 75%, the maximum transmitted power and maximum EIRP will increase 6 dB compared with what specified in Table 2. 

The table presented above provide an indication of the maximum transmitted power levels and maximum EIRP for array antennas operating above 6 GHz according to the latest proposed changes in the RF EMF exposure guidelines. Such values might vary considerably depending on the antenna design and based on the applicable compliance testing procedure. In addition the wide parameter space investigated (e.g. in terms of antenna elements) might not always be relevant for realistic UE and the numbers in Table 2 should not be considered as reference values.
4
Additional information
A general description of the RF EMF testing procedures applicable for the FR2 bands, including methods for devices characterized by simultanous transmission in other bands are provided in [3].  An overview of possible technical solutions to facilitate RF EMF compliance of handheld devices is also provided. 
5
Conclusions and recommendations
3GPP power class specifications for UE should be set considering the need to comply with applicable RF EMF exposure limits and regulations. A previous contribution [3] provided general information on RF EMF regulations and on their possible implications on power limits and power sharing of relevance for 5G NR handheld devices. The present contribution gives an update based on the latest available information.
The main conclusion drawn in [3] remains valid: above 6 GHz and for handheld devices with EIRP larger than 30 dBm, EMF compliance will be challenging. For UE configurations characterized by maximum EIRP of 20 - 25 dBm, EMF compliance is generally possible. The antenna configuration and integration are likely to play a large role in determining compliance with the RF EMF exposure limits as well as the possibility to make use of ‘technical solutions’ as those described in Section 6 of [3].

The new FCC guidance allows to average the power density limit over a larger area than previously, generally leading to a higher maximum transmitted power or EIRP compared with what presented in [3]. In addition, since the limits are intended to be averaged over time (a minimum of 2 seconds for the FCC), for TDD systems the maximum transmit power/EIRP during UL transmission should be scaled-up according to the applicable duty cycle (e.g. + 6 dB for a DL duty cycle of 75% compared with what presented in Table 2).     

Since the assessment in this contribution is based on simplified antenna models, including arrays of different sizes covering a wide parameter space (from 4 to 100 elements), further investigations are needed to study the implications of RF EMF exposure limits with proposed RAN4 UE configurations, based on realistic UE implementations. 
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