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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 RF exposure and potential performance implications was triggered in [2].

In an offline discussion in the RAN4 #86 meeting [3], a potential agreement was approved to introduce a power back-off term to the Pcmax definition. This contribution provides our views on the back-off term, highlights important performance aspects to consider while ensuring compliance with RF exposure limits, and presents a mitigation technique we can implement.

2. Discussion
2.1 Background
RF exposure requirements have been established to protect the public, and are reviewed and updated on a regular basis [4, 5]. These regulatory limits under certain use conditions can limit the performance of future communication devices. Because of this, several studies have been performed to assess their potential future impact. A study [6] examining the max transmit power to comply with RF exposure standards found that for UEs used in close proximity, the FCC RF exposure limits result in a lower max transmit power than compared to the ICNIRP and IEEE exposure limits. Similarly, in [7] it was shown that the power may need to be several dB below the presently used levels. Lastly, [8] focuses on the performance implications of this power drop seen in a significant reduction in achievable data rate.
Observation 1: To comply with present regulatory limits for close proximity use, studies have found the transmit power needs to be lower than what is currently specified in performance standards.

Observation 2: Technical implications of lowering the transmit power on RF performance include a potential data rate reduction.
In the last RAN4 meeting, several companies discussed their position on how to maintain RF exposure compliance [9-11]. An offline discussion resulted in a potential agreement to include a power back-off term (P-MPR) [3]. However, discussions on the required amount of back-off power and its impact on RF performance are still pending in 3GPP, and will need to consider several dependencies. Given the previously discussed studies, this should be addressed in the 3GPP radio access network (RAN) specification.

We can estimate potential power back-off when used in close proximity to the body based on the handheld UE architecture parameters, focusing on the values for max EIRP. Considering a four-element array, with 4 dBi element gain, and reducing the EIRP by the losses (up to 6.5 dB for trace, antenna efficiency and platform), can yield power reduction of up to 10 dB or more to meet the current FCC limit of 1mW/cm2. This is why some RF performance is compromised and why other alternatives to a power back-off should be considered.

Observation 3: RAN4 should continue to discuss other mitigation techniques to avoid a large power back-off and ensure compliance with the applicable RF exposure requirements.

Given the variability of usage models, and UE designs, as well as possible mitigation techniques [10], it is our view that specific back-off values may be difficult to define and/or implement. Thus, we focus the rest of our contribution on a novel mitigation technique that can be used to improve performance while maintaining compliance to the applicable RF exposure requirements.
2.2 Potential technique
If we need to allow larger power levels to guarantee proper link connectivity, then a discussion of additional features to ensure RF performance while complying with RF exposure limits is needed. For instance, a feature could focus on detecting a nearby body and directing energy away from it whenever needed. Although in RANs where the directivity of UE emissions is limited or is not controlled by the network (such as LTE or NR FR1) RF exposure compliance is established by the UE according to implementation-specific schemes and algorithms, the existence of beam management protocols in NR FR2 necessitates the treatment of RF exposure compliance in the RAN specification as well.
Observation 4: To guarantee millimeter-wave link connectivity while maintaining compliance to applicable RFE standards, additional features may be needed.
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 RF exposure, 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 while maintaining RF exposure compliance 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 all applicable regulatory requirements, and consider potential implementations which may include, but are not limited to proximity sensors, gyro sensors, touch sensors, and user location radar circuitry to detect user proximity to maintain RF exposure compliance.
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 a power 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 RF exposure requirements 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 an algorithm 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

Given the impact on RF performance reported by previous studies, in this contribution we seek to motivate further studying of beam management algorithms in NR FR2 in the context of user proximity and maintaining compliance of the RF exposure limits. The following observations have been made:

Observation 1: To comply with present regulatory limits for close proximity use, studies have found the transmit power may need to be lower than the current specified performance standards, without design mitigations. 
Observation 2: Technical implications of lowering the transmit power on RF performance include data rate reduction.

Observation 3: RAN4 should continue to discuss other mitigation techniques to avoid a large power back-off and ensure compliance with the applicable RF exposure requirements.
Observation 4: To guarantee millimeter-wave link connectivity while maintaining compliance to applicable RFE standards, additional features may be needed.
Some potential techniques to guarantee maintaining the mm-wave link within the regulatory RF exposure limits for NR FR2 are as follows:
1. Enhancement of PRACH resource selection so that the UE can include a reasonable P-MPR term 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 discussion in the context of RAN4 work with the goal of informing other working groups of any additional requirements on the NR FR2 physical layer design.
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