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1 Introduction

UE RF exposure compliance in FR2 has been discussed in the past meetings and WF [1] was agreed. It recommends RAN4 to decide whether rely on P-MPR or other options like max UL duty cycle as FR1 to make UE could comply with the RF exposure requirements.
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RAN4 should decide whether to solely rely on P-MPR to maintain
compliance with RFE limits, or introduce necessary mitigation techniques
to prevent the radio link failure and optimize performance
— Possible options
* Introduce a maximum uplink duty cycle restriction as optional
* UE provides information for the network to avoid UL link failure due to
large power back-off
* Other techniques are not precluded, for example:
— Dynamic uplink duty cycle restriction
— Beam refinement requests




This paper shares some thoughts from our studies.
2 Discussion
2.1 FR2 exposure requirements
In FR1 the RF exposure requirement is called SAR and many discussions have been done on this topic and solutions have been introduced like P-MPR and maxUplinkDutyCycle capabilities. In FR2 the RF exposure requirement is changed to power density which is an averaged value over 68/f1.05 minutes where f is in GHz, i.e. for 28GHz the averaging period is about 2 minutes and in 39GHz is 1.45 minutes according to [2]. This is similar with SAR in below 6GHz which is averaged over 6 minutes.
Observation 1: In FR2 the RF exposure requirement is power density which is an averaged value over several minutes.
2.2 FR2 exposure solutions
In [3], it is observed that there is possibility FR2 UE may need to do even 20 dB power back off to meet power density exposure requirements which may cause radio link failure issues. Therefore, only rely on P-MPR to make UE comply with regulation requirements may not be enough.
Observation 2: Only rely on P-MPR to make UE comply with regulation requirements may not be enough.
Since the power density requirement is an averaged value, the maxUplinkDutyCycle potentially can be used in FR2. In [4][5], reuse the maxUplinkDutyCycle capabilities have been discussed, however, in FR2 there is no power class back off since different power class represent different UE types. So, the maxUplinkDutyCycle solution need to be adjusted.
Observation 3: Power class fall back in FR2 is not possible.
During the discussion in FR1, when UE exceeds maxUplinkDutyCycle capability, the MPR=3dB method has been discussed which might be applied to FR2. In FR1 it is sure that by using power back off less than 3dB then PC2 UE can meet the SAR requirements, however, in FR2 this certainty is in-exist. It is not easy to say how much dB back off is needed for UE to meet the power density because it is highly related to the UE design like antenna patch location, beam width, etc.
Observation 4: MPR solution in FR1 cannot be easily applied to FR2 which need to be adjusted.
Many beams can be generated by FR2 UE and among which there is peak beam in the spherical. The worst case for FR2 UE is that this peak beam is facing to human body. And under this scenario the UL duty cycle that UE can be scheduled is the smallest comparing to other beams. Considering the UE and human body relative position is changing, it seems reasonable to use this maximum uplink duty cycle corresponding to the peak beam as the FR2 UE maxUplinkDutyCycle capability.
Observation 5: Different maximum uplink duty cycle exists corresponding to different beams, and the worst case is peak beam facing the human body.
Proposal 1: Define the maximum uplink duty cycle under peak beam facing human body condition as the capability of FR2 UE maxUplinkDutyCycle capability.
When the scheduled uplink duty cycle exceeds this UE capability, then UE need to do power back off. As discussed before, how much dB back off is uncertain for different UEs. Similar concerns were expressed in [3] to make this back off unknown to the network due to potential connection failure, and also it was proposed to introduce P-MPR information to network in order to do some possible optimization like beam change if the power back off is large. Therefore it is recommended to make the power back off clear to the network.
Observation 6: How much dB power back off is uncertain for different FR2 UEs and may cause connection failure if the power back off level is unknown to the network.
Proposal 2: UE power back off dB values (MPRRFexposure) should be reported to the network to avoid potential connection failure and implement optimizations from network side.
One possible way to decide the power back off dB values for the UE is that gNB scheduling UE to keep on transmitting with all the symbols, i.e. 100% UL, and see the highest power (EIRPAllUL) that UE can transmit by meeting power density limits in the peak beam direction. The difference between peak EIRP and EIRPAllUL can be defined as the power back off dB value.
Observation 7: The power back off dB value (MPRRFexposure) can be defined as the peak EIRP minus EIRPAllUL where EIRPAllUL is the highest power that UE can transmit by meeting power density limits in the peak beam direction with 100% UL symbols scheduled, i.e. MPRRFexposure = peak EIRP - EIRPAllUL.
Proposal 3: In order to avoid unnecessary power back off, defining the calculation of MPRRFexposure in the spec should be considered.
With the MPRRFexposure reported to the network, gNB could know the power back off that UE may do and optimizations as discussed in [3] can be considered in BS side like moving all UL data transmission to LTE in EN-DC or handover to LTE in NR standalone operations, etc.
3 Conclusion
Observation 1: In FR2 the RF exposure requirement is power density which is an averaged value over several minutes.
Observation 2: Only rely on P-MPR to make UE comply with regulation requirements may not be enough.
Observation 3: Power class fall back in FR2 is not possible.
Observation 4: MPR solution in FR1 cannot be easily applied to FR2 which need to be adjusted.
Observation 5: Different maximum uplink duty cycle exists corresponding to different beams, and the worst case is peak beam facing the human body.

Observation 6: How much dB power back off is uncertain for different FR2 UEs and may cause connection failure if the power back off level is unknown to the network.

Observation 7: The power back off dB value (MPRRFexposure) can be defined as the peak EIRP minus EIRPAllUL where EIRPAllUL is the highest power that UE can transmit by meeting power density limits in the peak beam direction with 100% UL symbols scheduled, i.e. MPRRFexposure = peak EIRP - EIRPAllUL.
Proposal 1: Define the maximum uplink duty cycle under peak beam facing human body condition as the capability of FR2 UE maxUplinkDutyCycle capability.

Proposal 2: UE power back off dB values (MPRRFexposure) should be reported to the network to avoid potential connection failure and implement optimizations from network side.

Proposal 3: In order to avoid unnecessary power back off, defining the calculation of MPRRFexposure in the spec should be considered.
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