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1.
Introduction
RAN4 has been discussing how to address potential system impact of UE applying large P-MPR for Rf Exposure compliance reasons. For Rel-15 some mitigation techniques are being proposed in [12] and for Rel-16 some techniques were noted in [3]. This paper discusses potential solutions on mitigating system impact and proposes how to move forward.  
2. 
Discussion
2.1 Enhanced reporting to network
Adhoc minutes [3] documented the following potential mitigation techniques:

· Dynamically indicated maximum uplink duty cycle restriction

· UE provides information for network to avoid UL failure (UE initiated) e.g. information about P-MPR being reported to the network by the UE

· Other solutions not precluded

All the listed techniques are some form of enhancements to the network as was originally also proposed in [8]. What and how to inform network of dynamic exposure situation is open. In the following we discuss different reporting ways.

2.1.1 Dynamically indicated dutycycle

The idea of reporting similar parameter as agreed maxUplinkDutyCycle but in more dynamic fashion has been discussed in previous RAN4 meetings. There has not been discussion on more details for this parameter so in the following we present a possible description.
Description of behaviour for dynamic dutycycle

UE reports its maximum UL duty cycle as part of PHR report. The maximum UL duty cycle is valid for next X sec period starting from the next slot the report was sent. In case new PHR report with new duty cycle is not available after validity period X is reached, same duty cycle is assumed for the next validity period until new duty cycle information is available from the UE. If network assigns UL grants that violate reported duty cycle, UE drops UL grants. 

Reporting only the duty cycle has some limits since the motivation is RF exposure compliance and compliance is really defined as power limit. So same duty cycle is applied regardless of output power limit.

2.1.2
Dynamically indicated remaining energy headroom

Enchantment to duty cycle would be a report of remaining energy UE can transmit. With the knowledge of energy, network can decide if it chooses to schedule high power short transmissions or longer lower power transmissions. Same more details description as for duty cycle would apply but reporting energy allows for some enhancements.  
Description of intended functionality for energy headroom      

UE reports its maximum remaining UL energy as part of PHR report. Remaining energy is reported as relative to power headroom i.e. UE reports for this transmission what was power headroom and in addition what is remaining energy compared to full power transmissions according assuming zero power headroom transmissions and assuming UL duty cycle according to the reported maxUplinkDutyCycle capability.The remaining UL energy is valid for next X sec period starting after the slot the report was sent. In case new PHR report with new remaining UL energy is not available after validity period X is reached, same remaining UL energy is assumed for the next validity period until remaining UL energy information is available from the UE. If network assigns UL grants that violate reported remaining UL energy, UE drops or scales down UL grants.

Energy headroom reporting provides more flexibility to the network to mitigate the exposure problem and also better describes limitations UE has since the RF Exposure compliance is based on energy. 

2.1.2 Bad beam avoidance
UE may be in a situation where the DL signal is good but UE can not transmit since it would expose human tissue for electromagnetic radiation. This kind of situation may occur when only part of the antenna panel is covered by human tissue or human tissue is in the close proximity of the antennas so that large portion of the beam would expose human tissue but does not interfere severely with link operation. Figure 1 illustrates this situation.
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Figure 1 Scenario when UE is unable to transmit to the direction of the best DL beam

It may be meaningful to choose a different UL beam from a different antenna panel located elsewhere in the handset but keep the DL beam with UL exposure problem panel. For this case, network would need to be informed in one of the selected methods that output power capability is limited for this beam but there is a better beam available through signal from UE to network. That signal should contain information on the severity of the exposure problem to enable network to take proper mitigation actions. One or more of the messaging concepts described above can be used or new more optimised for this purpose. Description of the behaviour is below
Description of UE behaviour for bad beam avoidance
UE observes RF Exposure problem and then measures other beams and panels. UE scales back the UL power for current beam and indicates Rf Exposure problem for this beam with methods defined and signals an opportunity for better UL beam. UE reports to network that it has a better beam for transmissions available.   
2.2 Signalling details

PHR reporting is MAC-CE based and not very frequent. It is carried in PUSCH so it is easier to include more information than L1 based signalling which is faster and has lower latency. 

For RF exposure, the evaluation period is long, 4 sec in regulatory requirements which would then indicate slower MAC-CE based is suitable but since RF exposure problem is highly situational and can change fast, also DCI based would be justified.

For the bad beam avoidance, the details on signalling should be part of enhanced RSRP reporting work ongoing in RAN1 [13]. RAN4 should send an LS to RAN1 and inform that RAN4 sees bad beam avoidance method useful and asks for RAN1 to design this feature. In terms of possible unclarity with work split between RAN1 and RAN4, our view is that RAN4 should work on power back off based solutions i.e. P-MPR
2.3 Proposals and actions
In our view, the remaining energy reporting and bad beam avoidance are preferred methods. 

Proposal 1:  In case of P-MPR is applied to mitigate RF Exposure problem, UE shall report it remaining energy together with PHR reporting in reference to the grant where PHR is was delivered. 
Proposal 2: RAN4 will send LS to RAN1 and inform RAN1 that bad beam avoidance is preferred method for mitigating RF Exposure.
Conclusion
We discussed possible methods to enhance UE and network co-operation under situation when UE transmission capability is compromised due to RF Exposure problem. We made two proposals 
Proposal 1:  In case of P-MPR is applied to mitigate RF Exposure problem, UE shall report it remaining energy together with PHR reporting in reference to the grant where PHR is was delivered. 

Proposal 2: RAN4 will send LS to RAN1 and inform RAN1 that bad beam avoidance is preferred method for mitigating RF Exposure
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