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Introduction
For the NR evaluations, there was a discussion on the max EIRP values to assume in different scenarios and some tentative agreements were made for BS with the values in brackets. 
For BS:
Indoor hotspot: EIRP should not exceed [51] dBm
Dense Urban: EIRP should not exceed [69] dBm
Urban Macro: EIRP should not exceed [78] dBm
For UE:  EIRP should not exceed 43 dBm
In this contribution we address this issue to reach an agreement for these square bracketed values.
RF EMF exposure limits
Between 10 GHz – 300 GHz, the ICNIRP (International Commission on Non-Ionizing Radiation Protection) exposure guidelines [1] specify a maximum free space incident power density of 10 W/m2 for the general public taken as an average over any 20 cm2 of exposed area. In addition, the spatial maximum power density averaged over any 1 cm2 shall not exceed 200 W/m2. ICNIRP involves Europe plus most other countries. 
The uncontrolled power density exposure limit for FCC between 6 GHz to 100 GHz is also 10 W/m2, which in general is to be considered as a spatial peak value [2,3]. Spatial peak is not a well-defined quantity, however, and the obtained result will depend on the exposure assessment method. FCC involves US and Canada.
In a recent Notice of Proposed Rulemaking (FCC 15-138) [4], the FCC stipulates that spatial peak is to be interpreted as an average over any 1 cm2 in the shape of a square for frequencies above 6 GHz. Although this interpretation of spatial peak power density has not yet formally made its way into the FCC regulations, we may assume that a 1 cm2 averaging area is consistent with FCC 15-138 [4]. In [4], the FCC also stipulates a maximum peak EIRP, 𝐸𝐼𝑅𝑃lim, of 20 W (i.e. 43 dBm) for mobile devices (where a mobile device is defined as a transmitter not used in fixed locations and which is generally used more than 20 cm away from the body of the user).
Between 3 GHz to 100 GHz, the IEEE general public basic restriction on power density is 10 W/m2 [5]. In the frequency range between 3 GHz to 30 GHz, the power density is to be spatially averaged over any contiguous area corresponding to 100𝜆2 where 𝜆 is the free space wavelength of the RF field. Above 30 GHz, the averaging is to be conducted over any contiguous area of 100 cm2 [6]. In addition, IEEE also specifies maximum spatial peak power densities of 18.56𝑓0.699 W/m2 and 200 W/m2 at frequencies between 3 GHz and 30 GHz and above 30 GHz, respectively, where 𝑓 shall be taken as the frequency in GHz. No averaging area or spatial sampling density is specified by the IEEE for the spatial peak power density limits. 
A summary of the RF EMF exposure limits, 𝑆lim, is provided in Table 1. For convenience, the spatially averaged power densities were for all RF exposure limits determined assuming square-shaped averaging areas.
Table 1 General public/uncontrolled basic restrictions on power density, 𝑆lim .The parentheses behind the power density limits indicate the applicable averaging area. Absence of averaging area implies spatial peak power density. (𝜆 = wavelength in free space, 𝑓 = frequency in GHz).
	
	ICNIRP
	FCC
	IEEE

	f (GHz)
	10-300
	6-100
	3-30
	30-100

	𝑆lim (W/m2)
	10 (20 cm2)
200 (1 cm2)
	10 (1 cm2)
	10 (100𝜆2)
18.56𝑓0.699
	10 (100 cm2)
200




Compliance distance for BS
Based on the far field formula, the compliance distance from a single BS can be expressed as below. 

Inserting the regulated limit on power density of Slim= 10 W/m2, we arrive at the compliance distance as a function of EIRP as in Figure 1 below. 
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Figure 1 Compliance distance as a function of EIRP

For example, the 10 meter compliance distance allows for an EIRP of 71 dBm and a 25 meter corresponds to 79 dBm EIRP. 
BS EIRP in different scenarios
In this section we discuss reasonable values for maximum BS EIRP for each scenario, taking into account the compliance distance. The relevant RAN1 agreed assumptions can be found in the appendix.
Urban macro
In this scenario, which operates at 4 GHz and 30 GHz in the evaluation assumptions, up to 256 cross-polarized antenna elements is assumed for the BS. The antenna element gain is assumed to be 8 dBi leading to a 29 dBi maximum antenna array gain. The maximum output power is assumed to be 49 dBm and 43 dBm for 4 and 30 GHz respectively, leading to EIRP of 78 and 72 dBm for 4 and 30 GHz respectively. 
This leads to compliance distances of 25 meters and 11 meters for 4 GHz and 30 GHz respectively. The BS antenna height for the urban macro is 25 meters in the 3GPP RAN1 evaluation assumptions. Hence the bracketed value of 78 dBm seem to be a reasonable EIRP limit for urban macro.
Proposal 1: Remove the brackets for urban macro scenario to set the EIRP limit to 78 dBm
Dense urban:
In this scenario we have a 4 GHz carrier frequency for macro layer and 4 and 30 carrier frequency for the micro layer. There is also an optional 70 GHz carrier in the micro layer which will be discussed below. The BS heights are assumed to be 25 meters for macro cells and 10 meters for micro cells and 256 antenna elements is used. The BS power is 44 dBm for macro layer and 33 dBm for the micro layer. 
Hence, for the macro cell, the compliance distance is about 12.6 meters, which is clearly smaller than the 25 meter BS height. For the micro cell, the compliance distance is 3.5 meters, given the 11 dB lower output power compared to the macro layer, and also well within the 10 meter BS height. 
The corresponding maximal EIRPs given the assumptions: 44+29=73 dBm and 33+29=62 dBm for the macro and micro layers respectively, can be taken as the maximum allowed EIRP in dense urban for up to 30 GHz.
There is also an optional use of a 70 GHz micro layer with up to 1024 antenna elements. This gives an maximum EIRP of 33+35 dBm = 68 dBm, corresponding to a compliance distance of 7 meters, also well within the 10 meter BS height. 
To cover all the cases including the optional for dense urban scenario, we make the following proposal
Proposal 2: In dense urban scenario, set the EIRP limit to 73 dBm and 68 dBm for the macro and micro layers respectively.
Note that since the ISD in the dense urban scenario can be small in the micro layer (it is 200 meters in the macro layer), there may be radiation power additions from multiple micro BSs. For such large antenna element BSs, this is however highly unlikely to occur due to the fact the beam is extremely narrow in beam width. Hence, the EIRP limits proposed above are adequate.
Indoor open office
In the indoor office scenario, the BS height is only 3 meters, and it may thus happen that a person’s head is only 1 meter from the radiator. The BS power assumption is only 24 and 23 dBm for below and above 6 GHz respectively. With a 1 meter compliance distance, the maximum EIRP is 51 dBm, which should be compared to the possible EIRP of 53 and 52 dBm for the 4 and 30 GHz cases (with 256 antennas) and 58 dBm for the 70 GHz case. 
We believe that the maximum EIRP given the assumptions (53,52 and 58 dBm) still could be used in the evaluations. In an indoor deployment, there are solution to control the transmit power and antenna diagram based on a pre-defined human zone where humans are expected to be present. The transmit power and antenna diagram are in this case controlled so that in the zone where humans are present, a certain power density limit is not exceeded. This is achieved via the use of a beamforming processor that adjusts the shape and/or power of a beam such that the (high) estimate of the power density on the human zone border is within a predefined exposure limit. 
Proposal 3: In indoor open office scenarios, set the EIRP limit to 58 dBm .
Conclusion
We summarize this contribution with the following proposals:
Proposal 1: Remove the brackets for urban macro scenario to set the EIRP limit to 78 dBm
Proposal 2: In dense urban scenario, set the EIRP limit to 73 dBm and 68 dBm for the macro and micro layers respectively.
Proposal 3: In indoor open office scenarios, set the EIRP limit to 58 dBm .
Appendix
Some of the agreed evaluation assumptions after RAN1#85:
	Scenario
	BS height
	BS power
	Number of antennas

	Urban Macro
	25 m
	49 dBm (below 6 GHz)
43 dBm (above 6 GHz)
	256 (4 GHz)
256 (30 GHz)
1024 (70 GHz)

	Dense Urban
	25 m (macro)
10 m (micro)
	44 dBm (macro)
33 dBm (micro)
	

	Indoor office
	3 m
	24 dBm (below 6 GHz)
23 dBm (above 6 GHz)
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