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1. Introduction

For NR UEs, Rel-15 introduced FR2 power management and duty cycle control, namely P-MPR and maxUplinkDutyCycle-FR2.

The Maximum Permissible Exposure (MPE) limit set by FCC aims at restricting the UE Tx power averaged over a defined period of time. Therefore, UE MPE compliance might cause large P-MPRs. maxUplinkDutyCycle-FR2 has been discussed as a mean to reduce the RF exposure while maintaining a sufficient UL power. The main concern with restricting the UE Tx power and/or the duty cycle is the risk of Radio Link Failures (RLF). Hence, previous RAN4 meetings discussed the need to inform the network of MPE restrictions to avoid frequent and unpredictable RLFs.
Based on the RAN4 LS in [4] the RAN#85 Plenary meeting updated the FR2 MPE related objectives of the Rel-16 RAN4 work item on NR RF Requirement Enhancements for FR2 in [1] to include RAN1 and RAN2 as secondary responsible WGs with potential impacts on the RAN1 and RAN2 specifications.. RAN4 is expected to provide information on needed FR2 MPE solution(s) to RAN1 and RAN2 so that RAN1 and RAN2 can help in finalizing these solutions in their specifications. 
In this contribution, we discuss different FR2 MPE mitigation solutions, which could be used for avoiding RLFs and connection releases in Rel-16.
2. Discussion

The following discusses enhancements for FR2 UEs to avoid RLFs and connection releases due to significant and unpredictable UE P-MPRs due to MPE.
The main concern with MPE requirements is significant P-MPR restrictions, thus a high risk for RLFs, that occur often and are unpredictable. Depending on the array size, the distance at which an MPE event is triggered varies, as well as the power back-off value. For example, a 2x2 array requires at least 20 dB of power back-off when a user is located a few millimeters away from the antenna. Moreover, the MPE event is already triggered when the user is located 14 cm away from the serving panel, on the path of maximum power [2]. Given the large triggering distance of MPE events, power back-offs might happen rather frequently. Moreover, even UEs that can only meet the minimum requirement for PC3 may still require significant restriction on P-MPR and PC4 UEs require nearly 30 dB power reduction to be MPE compliant [2]. However, it would be desirable that FR2 practical UEs would perform better the minimum requirement, which means that these better UEs are also likely require larger P-MPR for MPE compliance when a user is located close to the device.
Observation 1: For FR2 UEs and above, P-MPR restrictions due to MPE scenarios are significant, frequent and will likely lead to RLFs without mitigation solutions.
In Rel-15 P-MPR and maxUplinkDutyCycle-FR2 have been specified 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. Nevertheless, MPE being a time averaged limit, for a required power back-off as high as 20 dB, even reducing the maxUplinkDutyCycle-FR2 to 25% would only help the P-MPR restriction by 6 dB, thus 14 dB of power back-off are still required to comply with MPE. This UL power drop is still likely to cause an RLF. 
Observation 2: UL Duty cycle restriction alone is not always enough to address MPE requirements. In most cases, a P-MPR restriction needs to be applied on top of the maxUplinkDutyCycle-FR2 restriction.
Figure 1 relates the distance between the user and the antenna to the maximum allowed EIRP to comply with MPE; it further relates the allowed EIRP to the UE range in a Line-Of-Sight (LOS) scenario at 28 GHz (n257, n258 and n261). PC3 UEs are capable of EIRP between 22.4 dBm and 34 dBm. The values plotted below are for realistic EIRP capabilities in the near future and exemplifies a UE exhibiting 28 dBm max EIRP.
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Figure 1: Impact of maximum allowed EIRP on UE range in LOS under MPE power restrictions. 

(In this example at 28 GHz, the maximum capability of the UE is an EIRP of 28 dBm)
Figure 1 (a) plots the maximum allowed EIRP as a function of the distance separating a user from the active antenna array. In this example, a UE with a maximum EIRP capability of 28 dBm is considered. In some cases, the duty cycle restriction will be enough to comply with MPE: e.g. for a UE operating at EIRP 28 dBm, if a user is located within 7 cm and 3.5 cm away from the antenna, a maxUplinkDutyCycle-FR2 restriction of 25 % will be enough to be MPE compliant (i.e. 6 dB reduction in Tx power over MPE averaged period of time, if frame is fully reserved for UL, e.g. Format 1 in 38.213-Table 11.1.1-1). 
However, as soon as the user comes closer to the antenna, further maxUplinkDutyCycle-FR2 restriction needs to be applied – which might lead to RLF – or P-MPR restriction needs to be triggered to comply with MPE. Restricting P-MPR will affect the range of the UE significantly, as illustrated in Figure 1 (b). At 28 GHz, a 10dB power drop effectively reduces the UE range by nearly 70 %, hence, likely leading to RLFs. Body loss and shadowing might further reduce then range and degrade the link quality.
To sum up, for a user nearly touching the antenna (less than 1 cm away from the antenna), restricting the duty cycle to the smallest signaling value of 15% (represents 7.5% of a frame equally shared between UL and DL) would effectively only compensate for 8.2 dB of the required power back-off. Thus, for every phone capable of transmitting more than 20 dBm = 12 dBm (max allowed EIRP at 1 cm) + 8 dB (assuming UL duty cycle restriction of 15 %), P-MPR restriction is needed on top of a maximum maxUplinkDutyCycle-FR2 restriction. That is to say, for all PC3 UEs.
Observation 3: With users nearly touching the antenna, P-MPR restrictions are required on top of maximum maxUplinkDutyCycle-FR2 restrictions for PC3 UEs to be compliant with MPE.
Observation 4: P-MPR restrictions significantly affect the range of the UE and will likely lead to RLFs.
As discussed above, maxUplinkDutyCycle-FR2 restriction is not enough to address all MPE situations. Therefore, dynamic UL duty cycle UE capability would not be enough. Furthermore, even if UL duty cycle capability was changed from the current static UE capability to dynamic UE capability, it is unlikely that RRC signaling based capability signaling and corresponding network actions would be sufficiently fast and efficient for UEs to rely on for MPE compliance. Challenges with dynamic UL duty cycle reporting as MPE mitigation solutions are also analyzed in [3]. Therefore, we see that fast signaling mechanisms for the UE to indicate its MPE situation (event) to the network is necessary to allow the network to take timely actions for MPE mitigation. As time averaging is used in MPE evaluation and compliance verification, we see that fast L1 based signaling of MPE event to network could be done before UE restricts its UL transmission. For ensuring that the gNB receives the user detection information, it is important that the UE is able to send this MPE event indication to the network before using P-MPR to reduce its transmit power. 

Proposal 1: Introduce at fast L1 signalling mechanism for UE to inform gNB of a user detection i.e. MPE event.
In order for the network to understand the severity of the MPE situation of the UE, it would also be beneficial if additionally, UE reported power restrictions in the context of an MPE event.. Furthermore, if the network knows how much transmit power the UE needs to reduce for MPE compliance, the network would be able to decide suitable actions for a given UE.  For example, the network could take one of the following actions;

· Keeping only small amount of UL traffic on FR2 to ensure that at least necessary UL control signaling related to FR2 DL traffic can get through and thus, allowing successful use of FR2 for DL traffic and then moving rest of the UL data traffic to E-UTRA during EN-DC operations 
· Keeping only small amount of UL traffic on FR2 to ensure that at least necessary UL control signaling related to FR2 DL traffic can get through and thus, allowing successful use of FR2 for DL traffic and then moving rest of the UL data traffic to FR1 during NR DC operations

· Handover to E-UTRA or to FR1 during FR2 NR standalone operations 

By UE proving this type of additional power restriction information associated to UE’s MPE event it is possible for the network to better maximize the use of FR2 carrier at least for DL traffic and at the same time help UE with the FR2 MPE compliance. 
Proposal 2: Introduce also rough indication of needed power restrictions (e.g. UE Tx power reduction) associated with the MPE event to allow gNB to know the severity of MPE event.
Observation 5: Use of FR2 at least for DL traffic can be better maximized if UE provides the network information on its MPE event and related UE FR2 transmit power restrictions.
If RAN1 sees that including even rough UE Tx power restriction information creates too much overhead or is difficult to introduce, it could also be considered that only so called “emergency” signaling of MPE event is done using L1 signaling and L2/L3 signaling then used for sending the power restriction related information to the network. This approach increases of course risk that only the L1 based “emergency” indication of MPE event can be transmitted before UE has to take actions and reduce its transmit power for MPE compliance. In case of large P-MPR this means that the network cannot any longer receive the power restrictions. Therefore, the network can only assume that the situation is severe and usage of FR2 may not be possible or FR2 UL use should only be limited to signaling related to FR2 DL traffic. In any case even receiving this L1 based “emergency” indication of MPE event will help the network to know that UE is not disappearing in UL because of normal severe radio conditions but due to MPE compliance, which means that different actions can be taken in the network. The RLF happens because the gNB is not aware of what causes the extreme UL degradation. If the MPE event is communicated to the gNB, the gNB can try to prevent a radio link failure.
UE Tx power restrictions due to MPE compliance reasons will give to the network the flexibility to configure the UE to best fit the current conditions, e.g. best compromise between PBO, amount of UL data transmitted on FR2, potential UL scheduling constraints or schedule multiple grants with reduced UL power.
In the context of an MPE event, dynamic reporting to the gNB of the UE MPE event and information like needed power restrictions could e.g. be done by utilizing L1 UCI (Uplink Control Information), a PRACH , MAC or an RRC based signaling scheme. Each scheme presents benefits in terms of reporting speed, extent of information transmitted and signaling. As discussed earlier, it would be important that at least fast emergency signaling is transmitted using L1 based signaling to ensure that the UE is able to transmit it to the network before reducing its transmit power for MPE compliance. 
For achieving the suitable balance in terms of signaling overhead, complexity and promptness for reporting MPE event and related information like power restrictions to the network, it would be beneficial to give an early indication of the needed solutions to RAN1 and RAN2, what kind of signaling schemes are considered in RAN4 and request help from RAN1 and RAN2. In [5] we have provided a draft LS to RAN1 and RAN2 for asking their help and guidance for creating efficient MPE related signaling solution.

Proposal 3: Send an LS to RAN1 and RAN2 to provide indication of what kind of MPE mitigation solutions and signaling schemes are considered in RAN4 and request RAN1’s and RAN2’s help for developing suitable signaling solutions.
3.  Conclusion

In this contribution we have analysed FR2 MPE issue and needed mitigation solutions further. Based on our analyses we make the following observations;

Observation 1: For FR2 UEs and above, P-MPR restrictions due to MPE scenarios are significant, frequent and will likely lead to RLFs without mitigation solutions.
Observation 2: UL Duty cycle restriction alone is not always enough to address MPE requirements. In most cases, a P-MPR restriction needs to be applied on top of the maxUplinkDutyCycle-FR2 restriction.
Observation 3: With users nearly touching the antenna, P-MPR restrictions are required on top of maximum maxUplinkDutyCycle-FR2 restrictions for PC3 UEs to be compliant with MPE.

Observation 4: P-MPR restrictions significantly affect the range of the UE and will likely lead to RLFs.

Observation 5: Use of FR2 at least for DL traffic can be better maximized if UE provides the network information on its MPE event and related UE FR2 transmit power restrictions.

For improving UEs’ FR2 MPE situation and allowing better usage of FR2 spectrum at least for DL traffic when the UE experience MPE related UL restrictions, we make the following proposals; 
Proposal 1: Introduce at fast L1 signalling mechanism for UE to inform gNB of a user detection i.e. MPE event.
Proposal 2: Introduce also rough indication of needed power restrictions (e.g. UE Tx power reduction) associated with the MPE event to allow gNB to know the severity of MPE event.
Proposal 3: Send an LS to RAN1 and RAN2 to provide indication of what kind of MPE mitigation solutions and signaling schemes are considered in RAN4 and request RAN1’s and RAN2’s help for developing suitable signaling solutions.
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