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1. Introduction

The effort to define UE RF requirements for frequency range 2 (FR2), which covers the range of frequencies between 24.25 and 52.6 GHz, is ongoing in 3GPP RAN4 as part of the overall 3GPP New Radio access technology work item [1]. Within the topic of transmit power control, a discussion about emission safety was triggered in [2]. This contribution provides our views on the topic.

2. Discussion

The rapid growth of wireless devices continues to increase human exposure to radiation. The effects of this exposure remain a controversial topic, with new studies focusing on long-term exposure [6]. Given the potential impact and limited consensus of the studies [7], prevention is essential.  This should be addressed in the 3GPP radio access network (RAN) specification.  Although in RANs where the directivity of UE emissions is limited or is not controlled by the network (such as LTE or NR FR1) emission safety compliance is guaranteed by the UE according to implementation-specific schemes and algorithms, the existence of beam management protocols in NR FR2 necessitates the treatment of emission safety in the RAN specification as well.

Table 1: Limits for maximum permissible exposure (MPE) [3]
	Frequency
range (MHz)
	Electric field
strength (V/m)
	Magnetic field
strength (A/m)
	Power density 
(mW/cm 2)
	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/f 2
	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/f 2
	30

	30-300
	27.5
	0.073
	0.2
	30

	300-1,500
	
	
	f/1500
	30

	1,500-100,000
	
	
	1.0
	30


The definition of measurement distance for mmWave MPE is currently under review at the FCC with the following context [4]:

[image: image1]
Thus, it is quite feasible that the FCC may define highly conservative MPE limits with the goal of preventing long-term exposure to users of the technology.

We conceptually denote the UE’s spatial response in terms of a number of discrete beams and a radiated power value associated with each beam. This is the basis of the spherical coverage discussions, and Figure 1 below provides a conceptual illustration.
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Figure 1: Conceptual illustration of UE beams
However, in the presence of a user and given regulatory requirements on emission safety, the conceptual illustration gains complexity, as illustrated in Figure 2 below.
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Figure 2: Conceptual illustration of UE beams in the presence of a user
The maximum radiated power allowed by a safety emission limit is determined according to UE implementation and may depend on the UE position relative to the user, UE beam direction and side lobe levels, and user proximity.  Ultimately, it is the OEM’s responsibility to conform to safety emission limits, and potential implementations may include proximity sensors, gyro sensors, touch sensors, and user location radar circuitry to detect user proximity and to trigger safety emission compliance procedures by the modem.

Considering this practical emission model, the UE behavior can also be contrasted for the cases without the user and with the user.  Considering the free space case, we refer to Figure 3 below.
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Figure 3: Beam management in the absence of a user (free space)

Assuming the UE supports beam correspondence, the NR FR2 RAN design assumes that the UE is able to measure the downlink signal strength from both transmission reception points (TRxPs) or, as illustrated, from distinct gNBs, and to select the a Tx beam corresponding to the strongest DL signal.  In the example provided, this is gNB1.  However, in the presence of a user the selection of the optimal beam as well as the continued use of a beam which happens to require emission reduction, the existing procedures may not be sufficient, as illustrated in Figure 4 below.
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Figure 4: Beam management in the presence of a user (such as held in hand, beside the head, etc.)

In the case of initial beam selection, the UE may need to select a TRxP with lower power than the strongest received TRxP due to emission safety limitations associated with transmitting in the direction of the best TRxP, as ranked by DL signal measurements.  In the case of operation in connected mode, the location of the user relative to the UE may change over time, and a procedure to update beam parameters is needed.  In addition, it may be beneficial for the UE to request a duty cycle limit for UL transmissions with the given beam in order to reduce the total emissions over a period of time.
3. Conclusions

In this contribution we seek only to motivate the further study of beam management algorithms in NR FR2 in the context of user proximity and maximum permissible exposure.  Some potential techniques to enhance emission safety in NR FR2 are as follows:

1. Enhancement of PRACH resource selection so that the UE can include safety-related power back-off in the resource selection criterion

2. Enhancement of radio link monitoring procedures so that the UE can inform the network with beam refinement requests, uplink duty cycle limitations, etc.

It is proposed to establish a general framework for further MPE discussions in the context of RAN4 work with the eventual goal of informing other working groups of any additional requirements on the NR FR2 physical layer design.
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2. Removal of Minimum Evaluation Distance Requirement from Rules for Frequencies above Six Gigahertz


170. Summary. Currently section 2.1093(d) of our rules requires measurements and calculations to demonstrate compliance for devices operating above six gigahertz (GHz) to be made at a minimum separation distance of five centimeters. We propose to remove this distance limitation from our rules since it appears to be outdated by technological developments.
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