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1	Introduction
Rel-15 introduced for NR FR2 power management and duty cycle control for UEs, namely P-MPR and maxUplinkDutyCycle-FR2.
In previous RAN4 meetings, the need for mechanisms helping the network cope with UE Maximum Permissible Exposure (MPE) limitations has been discussed. Indeed, the UE might use a restriction on maxUplinkDutyCycle-FR2 (static UE capability) and/or on P-MPR to comply with the MPE limit set by FCC. 
As discussed in [3] RAN1 is also discussing beam management enhancement under the conditions of UE compliance with RF exposure requirements, as part of its Rel-16 NR MIMO enhancement work.
For some UE implementations (i.e. depends on the physical size of the array), the needed power back-off (i.e. P-MPR) to comply with RF exposure regulation could be significant, which could lead to Radio Link Failures (RLF). Additionally, reducing the FR2 maxUplinkDutyCycle-FR2 might not be sufficient on its own to comply with MPE RF exposure regulation.
RAN4 endorsed the following Rel-16 FR2 MPE mitigation solutions in [2]:
· Solutions/potential mitigation techniques for Rel-16
· 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

The new Rel-16 work item on NR RF Requirement Enhancements for FR2 in [1] has the following objectives for enhancements for avoiding negative implications due to FR2 UE RF exposure issues.
	· Enhancements methods for avoiding radio link failures and connection releases due to significant and unpredictable UE P-MPRs due to the FR2 UE RF exposure compliance reasons
· This work is started after RAN#84 when the Rel-15 requirements are completed




In this contribution we discuss different FR2 MPE mitigation solutions, which could be used for avoiding radio link failures and connection releases in Rel-16.
2	Discussion
With 5G NR, the required P-MPR for MPE compliance could be dramatically higher than the lecacy systems below 6 GHz.. Moreover, because of the intrinsic directivity of FR2, blocking the path of the maximum gain of the communicating beam at the UE might simply lead to RLF, as the link cannot rely on reflections from the multipath environment. 
Observation 1: In FR2, the consequence of a power back-off in is significantly more severe than in legacy spectrum, i.e. FR1, because of the directive nature of the radio link. Moreover, power back-off levels are dramatically higher in FR2. Therefore, addressing MPE compliance with P-MPR is likely to lead to RLFs.
P-MPR and maxUplinkDutyCycle-FR2 have been identified as mechanisms for the UE to meet the requirements on MPE. The UE might use a restriction on P-MPR or on maxUplinkDutyCycle-FR2 to address MPE limits, or on both simultaneously. 
UE restrictions on duty cycle to meet MPE limits may allow the UE to avoid a high Power Back-Off (PBO) in some cases, thus to maintain cell coverage at the cost of a lower throughput and of a lower overall FR2 system performance. However, when the user is very close to the UE (i.e. within a few mm of the array used for communication), only restricting the duty cycle is not enough to comply with MPE. Therefore, the UE must reduce its output power as well.
Figure 1 shows an example of the allowed power in the Power Amplifier (PA) depending on the array size. The values are calculated and averaged over 4 cm2 based on the power density of square arrays of isotropic antennas. It depicts the distance at which the UE must apply P-MPR restrictions to comply with MPE, for a 100% duty cycle. In this example figure we have assumed a UE, which performs better than the current minimum requirements in TS38.101-2, as we anticipate and hope that practical UEs are better than required by the minimum requirements but we do not know how much better. Thus, this example figure indicates what would happen with the given conditions.  In this example the critical distance varies from 18 cm to 34 cm from a 2x2 array to an 4x4 array respectively and the power drop can be as significant as 20 dB. If the power suddenly drops 20 dB and/or the maxUplinkDutyCycle-FR2 gets restricted to a few percent, it is likely to cause a radio link failure (RLF).
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[bookmark: _Ref16239622]Figure 1: Distance between UE and user requiring an MPE action, i.e. P-MPR or duty cycle or both.
Large reductions to the UE output power (e.g. 20 dB) will likely lead to radio link failures. Similarly, excessively limiting the uplink duty cycle will prevent transmitting uplink data and control feedback (e.g. ACK/NACK), leading to throughput loss and potentially even to radio link failures especially if both P-MPR and maxUplinkDutyCycle-FR2 need to be used by UE. 
Additionally, as MPE is a time averaged value, for a required PBO as high as 20 dB, even reducing the maxUplinkDutyCycle-FR2 to 25% would only help the required PBO by 6 dB, thus 14 dB of PBO would still be required to comply with MPE. This UE profile combined with a blocking user is likely to cause an RLF.
Figure 2 shows an example of the allowed  EIRP when the UE performance is rather poor and can just meet the minimum requirements for PC3. From this figure we can see that even  the UE that can only meet the minimum requirement for PC3 may require significant amount of PBO. 
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[bookmark: _Ref16863091]Figure 2: Allowed EIRP depending on power class and distance to the UE.
Observation 2: When the user is very close to the array in use, MPE compliance actions (i.e. P-MPR and/or maxUplinkDutyCycle-FR2 constraints) taken by the UE are likely to cause RLFs, originating from low UL power and/or from high throughput loss.
RLFs, in addition to disrupting the user experience, will eventually require the UE to perform initial access again. As seen in Figure 1, the amount of PBO needed can reach about 20 dB. Moreover, the distance at which the UE is required to perform a PBO (or a maxUplinkDutyCycle restriction) increases significantly with the array size. If RLFs and Initial Access procedures occur every time a user is placed closer than 34 cm, it might be very often. 
Observation 3: RLFs due to MPE actions might be very frequent, depending on the array size.
The RLF happens because the gNB is not aware of what causes the UL degradation. If the gNB was informed of the presence of the user, it could attempt to adapt the link before the UE applies the MPE action (i.e. P-MPR and/or maxUplinkDutyCycle restriction). Informing the gNB of an imminent MPE action and of the related constraints (e.g. a user in close vicinity of the UE, expected restrictions on duty cycle, power back-off in terms of P-MPR) allows it to have more flexibility and means to mitigate the degradation. Subsequently, the gNB can try avoiding a radio link failure by performing for example a handover to FR1, switching beams, fallback on 4G, etc.
Observation 4: Informing the gNB of a blocking user at the UE allows it to adapt scheduling transmissions, power levels and eventually attempt mitigating the sudden link degradation. There is a strong need for the network to receive information from the UE on MPE event detection (i.e. a user blocking the path of the beam used for communication) to better cope with failing link.
If the UE informs the gNB of the presence of a user after having applied P-MPR and/or restricted the maxUplinkDutyCycle, the information might not be received by the gNB. Nevertheless, the MPE limits defined by FCC are averaged over a given time window, thus allowing for a very fast message being sent from the UE before restricting its UL radio conditions. Hence, it is possible to transmit the user detection to the gNB in a very fast manner just before applying MPE actions. Such a fast message belongs to the PHY layer. (very fast L1 based reporting signaling that MPE actions are about to be triggered, e.g. CQI, SR, etc.)
Observation 5: For ensuring that the gNB receives the user detection information, it would be beneficial to be sent before applying the MPE actions.
Observation 6: L1 based reporting can be done before restricting the UL, as MPE is time averaged.
Proposal 1: Utilize or enhance the existing L1 signaling to inform the gNB of a user detection, such that the gNB knows to expect an upcoming degraded link.
Furthermore, the UE might provide (or the gNB might request) a more complete information than just the user detection. L2/L3 messages can be used to provide further information on the power and duty cycle restrictions applied by the UE. This information can be sent to the gNB under the MPE UL restrictions. Therefore, the time is not as critical as previously for the L1 signaling of a user detection. If the gNB knows the UE conditions, it can configure the UE and/or adapt the link to avoid RLF. Possibly, it can try to compensate for the underperforming UL by e.g. switching beams, handover, legacy frequencies, increasing gain at gNB, etc. et. This complete information could for example be sent through enhanced PHR or RACH messages.
Observation 7: If informed of the power and duty cycle levels under MPE actions, the gNB might be able to avoid an RLF and to compensate for a degraded link. This complete information can be sent under the MPE UL restrictions.
Proposal 2: (If requested by gNB) Inform gNB on applied UL restrictions after MPE detections through L2 or L3 messages while following the said restrictions, such that gNB can attempt to mitigate the link degradation and avoid RLF.
[bookmark: _Hlk16858109]Finally, if the gNB is aware early enough of the upcoming presence of a user, it can in advance evaluate different alternative links. The gNB could monitor and provide a set of alternative links to switch to, in case a user degrades too much the primary link. The UE could inform the gNB of the likelihood of user blockage, then the gNB evaluate alternative links and even choose to redirect the link to one that appears sub-optimal but that would be a significant improvement compared to the primary link under MPE actions. 
Observation 8: If the gNB has the information of an upcoming MPE action early enough, it can avoid a degraded UL and redirect to an alternative link.
Observation 9: At first the alternative link might appear suboptimal, but under MPE conditions it will exhibit a large improvement compared to the primary link under MPE actions.
Because the PBO can be very large, it is very likely that an RLF will occur as the gNB is not ready to cope with this extreme drop in the uplink signal. As such, there is a strong need for mechanisms that allow the network to cope with PBO due to MPE compliance. Being able to react before that the MPE compliance mechanism is triggered would have a tremendous impact on the system performance. If the user can be detected at a distance larger than the distance triggering the MPE actions, then the UE and the gNB have some time to evaluate alternative links.
Proposal 2: Inform the gNB on the upcoming presence of a blocking user well before MPE actions are triggered to evaluate alternative links. 
In this contribution we have identified solutions where the UE could provide additional assistance information to the network so that the network could help the UE when the UE experience FR2 MPE issues. As these solutions require also RAN1 and/or RAN2 support in providing the necessary signaling, it would be good to give an early indication to RAN1 and RAN2 that RAN4 is investigating these type of solutions for FR2 MPE issues for avoiding radio link failures and connection releases.
Proposal 3: Send a LS to RAN1 and RAN2 informing the solutions RAN4 is investigating in Rel-16 for avoiding radio link failures and connection releases due to the FR2 UE RF exposure compliance reasons

3	Conclusion
In this contribution we have discussed number of FR2 MPE mitigation solutions, which could used for avoiding radio link failures and connection releases in Rel-16. In the document we make the following observation:
Observation 1: In FR2, the consequence of a power back-off in is significantly more severe than in legacy spectrum, i.e. FR1, because of the directive nature of the radio link. Moreover, power back-off levels are dramatically higher in FR2. Therefore, addressing MPE compliance with P-MPR is likely to lead to RLFs.
Observation 2: When the user is very close to the  array in use, MPE compliance actions (i.e. P-MPR and/or maxUplinkDutyCycle-FR2 constraints) taken by the UE are likely to cause RLFs, originating from low UL power and/or from high throughput loss.
Observation 3: RLFs due to MPE actions might be very frequent, depending on the array size.
Observation 4: Informing the gNB of a blocking user at the UE allows it to adapt scheduling transmissions, power levels and eventually attempt mitigating the sudden link degradation. There is a strong need for the network to receive information from the UE on MPE event detection (i.e. a user blocking the path of the beam used for communication) to better cope with failing link.
Observation 5: For ensuring that the gNB receives the user detection information, it would be beneficial to be sent before applying the MPE actions.
Observation 6: L1 based reporting can be done before restricting the UL, as MPE is time averaged.
Observation 7: If informed of the power and duty cycle levels under MPE actions, the gNB might be able to avoid an RLF and to compensate for a degraded link. This complete information can be sent under the MPE UL restrictions.
Based on the discussion we make the following proposals for developing enhanced FR2 MPE mitigation solutions. Wealso propose to send a LS to RAN1 and RAN2 informing them about the solutions RAN4 is working on as it is expected that RAN1 and/or RAN2 support is needed on this area. 
[bookmark: _Hlk16857786]Proposal 1: Utilize or enhance the existing L1 signaling to inform the gNB of a user detection, such that the gNB knows to expect an upcoming degraded link
Proposal 2: Inform the gNB on the upcoming presence of a blocking user well before MPE actions are triggered to evaluate alternative links. 
Proposal 3: Send a LS to RAN1 and RAN2 informing the solutions RAN4 is investigating in Rel-16 for avoiding radio link failures and connection releases due to the FR2 UE RF exposure compliance reasons
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