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1. Introduction

In the last RAN4 NR Ad-Hoc meeting, discussions around NSA IDC (between sub 6GHz and above 24GHz) took place. A WF in [1]  has been approved. One of the further required discussions points is related to the NSA (Non Standalone) LTE-NR combination for UE maximum power options in terms of power sharing (Option 1) or non-sharing (Option 2) that we are listing below for convenience:
Option 1: To assume power sharing                                   Option 2: Not to assume power sharing
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The WF on the next slide asks for the following studies and possible outcome:
· To study if there is any justification to assume power sharing between NR and LTE in NSA operation from regulatory and/or SAR point of view in each region/country (other aspects are not precluded)
· If any justification is identified, dependent power control (namely, Option 1) should be adopted and how to calculate and test the total power should be studied
· If no justification is identified, independent power control (namely, Option 2) should be adopted
· To send an LS to inform RAN1 and RAN2 the outcome in RAN4#82
In this contribution we analyse the regulatory landscape for both ranges below 6GHz and above 24GH in terms of radiofrequency exposure safety regulations (SAR and MPE) and make proposals for both cases NSA with NR sub-6Ghz and NSA with NR above 24GHz for completeness.

2. Discussion

The safety regulations regarding the radiation exposure/absorption rules use different quantifying parameters for the sub 6Ghz (or 10Ghz in Europe) range where SAR (Specific Absorption Rate) is used as a parameter limit, and above 6Ghz up to 100GHz or 10GHz to 300GHz respectively (Europe and most of the rest of the world) where the MPE (Maximum Permissive Exposure) limit is used and expressed as a power density (mW/cm2). 
2.1. SAR and MPE measurements
We will take the FCC regulatory context as a reference in order to better structure the discussion and then we will try to expand to other regions in order to have a complete view of the safety regulatory landscape.
In the CFR, Title 47, Chapter I, Subchapter A, Part 2, Subpart J, Section 2.1093 Radiofrequency radiation exposure evaluation: portable devices [2], the following information we found relevant:

· The definition of a portable devices that has to comply with the rules:

(b) For purposes of this section, a portable device is defined as a transmitting device designed to be used so that the radiating structure(s) of the device is/are within 20 centimetres of the body of the user. 

· The references used for defining the FCC safety regulations:
(d) The limits to be used for evaluation are based generally on criteria published by the American National Standards Institute (ANSI) for localized specific absorption rate (“SAR”) in Section 4.2 of “IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz,” ANSI/IEEE C95.1-1992, Copyright 1992 by the Institute of Electrical and Electronics Engineers, Inc., New York, New York 10017.
· The SAR criteria:

(d)…. The criteria to be used are specified in paragraphs (d)(1) and (d)(2) of this section and shall apply for portable devices transmitting in the frequency range from 100 kHz to 6 GHz. 
· The MPE criteria:

(d)…. Portable devices that transmit at frequencies above 6 GHz are to be evaluated in terms of the MPE limits specified in § 1.1310 of this chapter.
· The MPE field strength or power density compliance testing:

(d)…. Measurements and calculations to demonstrate compliance with MPE field strength or power density limits for devices operating above 6 GHz should be made at a minimum distance of 5 cm from the radiating source.
In CFR 47, Title 47, Chapter I, Subchapter A, Part 1, Subpart I, §1.1310 Radiofrequency radiation exposure limits [3], further details are given and more it explains how MPE measures can be used instead of whole body SAR levels giving a reference table of equivalence with MPE derived values.
· Above 6GHz MPE limits should be used in all cases (including portable devices):
(3) At operating frequencies above 6 GHz, the MPE limits shall be used in all cases to evaluate the environmental impact of human exposure to RF radiation as specified in §1.1307(b).

For convenience, we are reproducing here Table 1 referred by the CFR for the MPE levels derived from whole body SAR related limits:

Table 1—Limits for Maximum Permissible Exposure (MPE)

	Frequency range
(MHz)
	Electric field strength
(V/m)
	Magnetic field strength
(A/m)
	Power density
(mW/cm2)
	Averaging time
(minutes)

	(A) Limits for Occupational/Controlled Exposure

	0.3-3.0
	614
	1.63
	*100
	6

	3.0-30
	1842/f
	4.89/f
	*900/f2
	6

	30-300
	61.4
	0.163
	1.0
	6

	300-1,500
	
	
	f/300
	6

	1,500-100,000
	
	
	5
	6

	(B) Limits for General Population/Uncontrolled Exposure

	0.3-1.34
	614
	1.63
	*100
	30

	1.34-30
	824/f
	2.19/f
	*180/f2
	30

	30-300
	27.5
	0.073
	0.2
	30

	300-1,500
	
	
	f/1500
	30

	1,500-100,000
	
	
	1.0
	30


f = frequency in MHz * = Plane-wave equivalent power density
Observation 1: In USA and Canada, below 6GHz overall SAR limits are defined for the portable devices as compliance measurements.

Observation 2: In USA and Canada, above 6GHz MPE limits are defined for the compliance measurements for all cases (including portable devices).

From de above table we can observe that above 300MHz to 1500MHz the MPE is defined as f/1500. Thus at 1.5GHz we will have MPE = 1 mW/cm2 and linearly decreasing towards f = 300Mhz.
If we look at the last row of the table, for the frequency range 1.5GHz – 100GHz the general population related requirement is flat MPE = 1 mW/cm2.

Observation 3: In USA and Canada, for the frequency range 1.5GHz – 100GHz the general population related requirement is flat MPE = 1 mW/cm2, defined as a power density.

2.2. Safety radiofrequency radiation exposure regulations around the world 
As below 6Ghz SAR related limits and its evolution is well known by the OEMs as all devices these days are operating in this frequency range, the MPE and its power density limits will become important for NR when deployed above 6GHz. 
Maximum SAR (W/Kg) around the world for general public:
· European Community, Japan and China from 10MHz to 10GHz; localized SAR (head and trunk) maximum value is 2.0W/Kg averaged over 10g of tissue 

· Korea, USA and Canada from 100KHz – 6GHz, for portable devices, maximum localized SAR value is more restrictive 1.6W/Kg, averaged over 1g of tissue.

For Power Density levels:
· In Europe and most of the world the frequency range for power density measurement usage start at 10GH and go up to 300GHz. 

· In USA and Canada, the range for power density usage starts at 6GHz and goes up to 100GHz. 

The level MPE for power density level is similar all over the world: 1 mW/cm2
· In Europe and most of the world the power density limit of 1 mW/cm2 is flat between 2GHz – 300GHz.

· In USA and Canada power density limit of 1 mW/cm2 is flat between 1.5Ghz  – 300GHz.

2.3. NSA LTE- NR with NR below 6GHz deployment case
Since NR can be deployed under 6GHz as well, we believe that we have to consider NR in both cases below 6GH and above 24GHz.
Since SAR was applicable historically for portable devices with their different form factors (smart phones, tablets, laptops) and the evaluation methodology is quite mature, using phantoms with liquids emulating the human body absorption properties (permittivity and conductivity) for the frequencies below 6GHz in USA, and Canada or below 10GHz in Europe and most of the rest of the world, it is quite normal to have a similar approach in terms of maximum output power per current technology on the market.
Moreover, the SAR effects are cumulative and weighted by the limit expressed by regulatory tables over applicable frequency range. As a rule, for multiple simultaneous transmissions on different frequencies the following formula applies:

10GHz

        

       ∑ ( SAR,i )  ≤  SAR,l 
i=100KHz

Where:

SAR,i is the SAR caused at the frequency i

SAR,l is the regulatory SAR limit given in the regulatory tables
The same formula would apply for USA and Canada applying 6GHz as upper limit frequency.
Thus we are proposing to have a 23dBm maximum output power for the LTE – NR NSA devices that are defined as portable devices in the safety exposure regulations.

Proposal 1: For portable devices supporting NSA LTE-NR with NR deployed below 6GHz the UE maximum output power shall be 23dBm and has to be shared between LTE and NR transmitters, when simultaneous transmissions occur (option 1 in the WF).
2.4 NSA LTE- NR with NR above 24GHz deployment case
While the LTE below 6GHz is bounded by 23dBm and has its own SAR limits, the NR radio limits are set under MPE limits which are flat MPE = 1 mW/cm2, as we saw in the sections 2.1 and 2.2 of this document.
The NR and LTE can be viewed as inter-RAT simultaneous transmissions in terms safety regulations. 

Observation 4: LTE and NR transmissions can be interpreted as inter-RAT simultaneous transmissions in different frequency ranges for the safety radiation exposure regulations compliance testing.

In this case, each technology will have its own evaluation for emissions exposure safety compliance, and then simultaneous transmissions will be evaluated consequently.
Observation 5: Above 6Ghz or 10GHz, NR is expected to have a standalone MPE evaluation based on MPE < = 1 mW/cm2 criteria measured at minimum 5cm from the radiating elements(s).

Observation 6: For [1.5GHz – 100GHz] in US and [2GHz – 300GHz] in Europe and rest of the world the equivalent MPE = 1 mW/cm2 requirement applicability overlaps with the SAR frequency range applicability [100KHz-6GHz] and [100KHz – 10GHz] in Europe and rest of the world respectively.

When simultaneous transmissions occur from a transmitter bounded by SAR limits and another transmitter in bounded by MPE limits, based on [4] (by ICNIRP - INTERNATIONAL COMMISSION ON NON‐IONIZING RADIATION PROTECTION) the following exposure limit formula is applicable:

              10GHz

         300GHz
∑ ( SAR,i/SAR,l  ) +  ∑ ( S,i/S,l  )  ≤  1
            i=100KHz
          i>10Ghz
Where:
SAR,i is the SAR caused at the frequency i

SAR,l is the regulatory SAR limit given in the regulatory tables

S,i is the power density at frequency i

S,l is the regulatory power density limit given in the regulatory tables (equivalent to MPE)
In the USA for example in the above formula 10GHz will be replaced with 6GHz and 300GHz with 100GHz, values specific to FCC split between SAR and MPE.
Observation 7: The case of multiple simultaneous transmissions of a NSA LTE-NR capable UE is treated as a cumulative (normalized by SAR,l and S,l respectively)  effect and it can be seen that individually complying with SAR for LTE standalone and MPE for NR respectively is not enough and will lead to non-compliance per UE for simultaneous transmissions (at the limit, the above normalized sum result will be 2). Thus, a combined transmission power balance/sharing between LTE and NR has to be maintained (as suggested by the above equation).

Based on the above observations 6 and 7, we can see that the safety regulations requirements lead to a similar conclusion as for NSA with NR below 6GHz deployment.

For LTE we assumed 23dBm power class with an antenna gain of 0dBi. Since NR over 24GHz will be measured over the air, and it will be expressed as EIRP, we believe that it would be appropriate to express the power class per UE as EIRP.

Proposal 2: For portable devices supporting NSA LTE-NR with NR deployed above 24GHz the UE maximum output power is 23dBm EIRP and has to be shared between LTE and NR transmitters when simultaneous transmissions occur (option 1 in the WF).

If we look at wide applicability of the PME which from 1.5 GHz or 2Ghz in Europe to be flat 1 mW/cm2 and overlaps with SAR range as well, there is a kind of convergence for a 23dBm EIRP for NR. As a consequence, we propose that UE NR maximum output power requirement for portables devices category is 23dBm EIRP, other power classes not being precluded for form factors that do not fall into portable devices category.
Proposal 3: The NR radio maximum output power requirement for portables devices category is 23dBm EIRP from the MPE/SAR point of view.
3. Conclusion 

In this contribution we discussed the safety radiofrequency related regulations up to 100GHz, discussed the NSA LTE-NR with LTE below 6GHz and NR in both ranges below 6Gh and above 6GHz deployments and made the following observations and proposals:
Observations:

Observation 1: In USA and Canada, below 6GHz overall SAR limits are defined for the portable devices as compliance measurements.

Observation 2: In USA and Canada, above 6GHz MPE limits are defined for the compliance measurements for all cases (including portable devices).

Observation 3: In USA and Canada, for the frequency range 1.5GHz – 100GHz the general population related requirement is flat MPE = 1 mW/cm2, defined as a power density.

Observation 4: LTE and NR transmissions can be interpreted as an inter-RAT simultaneous transmissions in different frequencies range for the safety radiation exposure regulations compliance testing.

Observation 5: Above 6Ghz or 10GHz, NR is expected to have a standalone MPE evaluation based on MPE < = 1 mW/cm2 criteria measured at minimum 5cm from the radiating elements(s).

.
Observation 6: For [1.5GHz – 100GHz] in US and [2GHz – 300GHz] in Europe and rest of the world the equivalent MPE = 1 mW/cm2 requirement applicability overlaps with the SAR frequency range applicability [100KHz-6GHz] and [100KHz – 10GHz] in Europe and rest of the world respectively.

Observation 7: The case of multiple simultaneous transmissions of a NSA LTE-NR capable UE is treated as a cumulative (normalized by SAR,l and S,l respectively)  effect and it can be seen that individually complying with SAR for LTE standalone and MPE for NR respectively is not enough and will lead to non-compliance per UE for simultaneous transmissions (at the limit, the above normalized sum result will be 2). Thus, a combined transmission power balance/sharing between LTE and NR has to be maintained (as suggested by the above equation).

Proposals:

Proposal 1: For portable devices supporting NSA LTE-NR with NR deployed below 6GHz the UE maximum output power shall be 23dBm and has to be shared between LTE and NR transmitters, when simultaneous transmissions occur (option 1 in the WF).
Proposal 2: For portable devices supporting NSA LTE-NR with NR deployed above 24GHz the UE maximum output power is 23dBm EIRP and has to be shared between LTE and NR transmitters, when simultaneous transmissions occur (option 1 in the WF).
Proposal 3: The NR radio maximum output power requirement for portables devices category is 23dBm EIRP from the MPE/SAR point of view.
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