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1. Introduction
RAN2 has received two LSs from RAN4 on FR2 UE MPE enhancements to avoid radio link failures and connection releases due to significant and unpredictable UE P-MPR in [2] and [8]. In this contribution we provide further background for UE FR2 MPE enhancements and related signalling. We also discuss how to introduce the requested FR MPE signalling following the two RAN4 LSs. 
2. RAN4 decisions on FR2 UE MPE Enhancements
RAN4 is developing FR2 UE MPE (Maximum Permissible Exposure) enhancements methods under the Rel-16 WID on NR RF Requirement Enhancements for FR2 in [1]. This work item has the following FR2 MPE objectives including RAN2 secondary responsibility. 
	· 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 [RAN4, RAN1, RAN2]
· This work is started after RAN#84 when the Rel-15 requirements are completed
· RAN4 will provide further details on the RAN4 agreed solution(s) to RAN1/RAN2 before RAN1/RAN2 start their work if RAN1/RAN2 help is needed. 
· This objective does not aim to propose the same alternatives which were not agreed (i.e. Alt1, Alt2 and Alt3 not agreed in RAN1#98 under Rel-16 NR eMIMO work item)



In the RAN4 LS to RAN2 in [2] RAN4 indicated to RAN2 that it is expecting RAN2’s help to develop MAC-CE based signaling for MPE solutions. In the second RAN4 LS on FR2 MPE enhancements in [8] RAN4 provided further details for the needed signaling as follows; 
	RAN4 has agreed further details on Rel-16 FR2 MPE enhancement solutions to mitigate RLF due to sudden RAN4 would like to ask RAN2 to develop the following Rel-16 FR2 MPE signalling based on MAC-CE to ensure sufficiently short signalling delays:
· at least UE’s P-MPR based event-triggered reporting including also reporting of the actual P-MPR level that UE needs for FR2 MPE reasons. 
· Network configurable P-MPR reporting threshold 
· A prohibit timer is enabled to be configured by network to trigger the P-MPR reporting
· P-MPR reporting range and reporting granularity are still under discussion in RAN4.




As noted in [8], RAN4 is expected to provide the remaining details for the FR2 MPE enhancement signaling in its next April e-meeting.
3. Background for FR2 UE MPE challenges and solutions
The Maximum Permissible Exposure (MPE) limit set by FCC aims at restricting the UE Tx power averaged over a defined period of time for limiting RF exposure on human body. For the UE FR2 MPE compliance the Rel-15 specifications have defined P-MPR and maxUplinkDutyCycle-FR2 to allow UE to reduce its transmit power as needed ( using P-MPR) and indicate its static UE capability maxUplinkDutyCycle-FR2 for amount of uplink symbols the UE can transmit within any 1 s evaluation period.  However, if the percentage of uplink symbols, that needs to be transmitted within any 1 s evaluation period, is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPR for the MPE compliance.
The main concern with significant and unpredictable P-MPR restrictions is 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 [6]. 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 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 without MPE enhancement solutions and signaling
As discussed above, maxUplinkDutyCycle-FR2 restriction is not enough to address all MPE situations. Therefore, dynamic UL duty cycle UE capability, which has also been considered in RAN4 earlier, 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 [7]. Therefore, as discussed and agreed in RAN4 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 MAC-CE 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. It is still under discussion in RAN4 [9] if the P-MPR is applied before or after sending the MPE indication i.e. P-MPR report to the network.
In order for the network to understand the severity of the MPE situation of the UE, it is important that the UE can be request to report its Tx power restrictions (P-MPR) 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 better decide suitable actions for a given UE.  For example, the network could take one of the following actions to help the UE;
·    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 receiving MPE event indication e.g. P-MPR event-triggered reporting from UE the network knows that if the UE disappears in UL it is not because of normal severe radio conditions but due to MPE compliance, which means that different actions can be taken in the network. The RLF would happen if 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 (P-MPR) 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 UE Tx power back-off (P-MPR), amount of UL data transmitted on FR2, potential UL scheduling constraints or schedule multiple grants with reduced UL power. In this way it is possible for the network to better maximize the use of FR2 carrier at least for DL traffic instead of FR2 RLF and connection release. At the same time these MPE enhancement solutions will also help UE with the FR2 MPE compliance. 
Observation 5:  Fast MAC-CE signalling mechanism for UE to inform gNB of MPE event i.e. a user detection and needed UE Tx power restrictions (P-MPR) are important for deciding suitable network actions to avoid RLF and connection release due to FR2 MPE compliance.
Observation 6: MPE enhancement solutions allow the network to better maximize the use of FR2 spectrum at least for DL traffic and help UE with MPE compliance.
Proposal 1: Define a new UL MAC CE that indicates the FR2 P-MPR exceed a given threshold due to FR2 MPE limits.
4. FR2 MPE P-MPR reporting  due to exposure regulations
As discussed in previous chapter, we can currently consider that at least the following is needed for FR2 MPE P-MPR reporting:
· Configuration of FR2 MPE P-MPR reporting at UE (RRC);
· Reporting the FR2 P-MPR according to the RRC configuration, including prohibit timer for the reporting (MAC);
· UE capabilities for FR2 MPE P-MPR reporting (RRC and 38.306)
As indicated above, we think it’s best to centralize the functionality mainly in MAC as P-MPR is already considered there in e.g. PHR reporting. RRC is only used for providing the configuration and UE capabilities. This would mean that any timer handling and event triggering would be specified in MAC, similar to e.g. PHR triggering: After sending FR2 MPE P-MPR reporting MAC CE, UE will not send another report until the corresponding prohibit timer has expired or the MPE event no longer applies (i.e. MPE no longer requires large P-MPR to be applied).
Proposal 2:  FR2 MPE P-MPR reporting, including a prohibit timer, is specified in MAC.
Considering the applicability, the MPE is only applicable for FR2 serving cells, but could potentially be applied differently for different serving cells. However, since the functonality is applicable for FR2 only and resides in MAC, it can be configured per MAC entity but should be applicable only for FR2 cells.
Proposal 3:  FR2 MPE P-MPR reporting is configured per MAC entity but is only applicable for FR2 serving cells.
It is also quite obvious there are still some open items with the feature:
· The exact information is conveyed from UE to network via the FR2 MPE P-MPR reporting requires further RAN4 input, but for now RAN2 can assume that at least the FR2 P-MPR value is indicated.
· The value ranges for the various parameters (e.g. Prohibit timer, FR2 P-MPR granularity, etc.) require some RAN4 input but RAN2 can make baseline assumptions already (e.g. by reserving a bit range for the values etc.). We assume that e.g. 6 bits can be reserved for the P-MPR value range as placeholder (e.g. for 0.5 dB granularity, this would allow reporting from 0...31.5 dB P-MPR or with 1 dB granularity, 0..63 dB, both of which would be sufficient).
Observation 7: While further RAN4 input is needed on parameter value ranges, the basic MAC CE design can be started already in RAN2.
The basic MAC CE design can be done as follows:
· MAC CE reports the FR2 P-MPR value (6 bits reserved, allowing for 64 values)
· The FR2 Serving cell IDs that requires using P-MPR due to the MPE event 
Based on the RAN4 decisions, UE should report the MPE situation when the applied P-MPR is expected to become larger than a given threshold. This would be based on the RRC configuration. Similar to RRM reporting, it would also be possible to specify a periodic reporting of MPE situation, but as this has not been requested by RAN4 yet (it is still under discussion, and would definitely cause more MAC CE signalling), we would propose to only consider event-based FR2 MPE P-MPR reporting unless RAN4 indicates otherwise.
Proposal 4: Define event-based FR2 MPE P-MPR reporting in MAC that triggers when P-MPR > P-MPR_Threshold (MPE event occurs) or when P-MPR < P-MPR_Threshold (e.g. similar to reportOnLeave for RRM).
Concerning UE capabilities, we think the FR2 MPE P-MPR reporting has no “sub-options” and only a single per-UE capability bit (applicable only for FR2) is required.
Proposal 5: Define a per-UE capability for FR2 MPE P-MPR reporting, applicable only to FR2 carriers.
To illustrate how these could be accomplished, we have provided example CRs in R2-2002688 (38.300), R2-2002685 (38.331), R2-2002686 (38.321) and R2-2002687 (38.306).
[bookmark: _Hlk37319410]Proposal 6: Endorse the CRs in CRs in R2-2002688 (38.300), R2-2002685 (38.331), R2-2002686 (38.321) and R2-2002687 (38.306) as baseline for MPE while waiting for further RAN4 feedback.
Nonetheless, the discussion on MPE CRs could continue over email discussion after the meeting to better converge on the details.
Proposal 7: Continue MPE discussion via email discussion until RAN2#110e.
5. Conclusions
In this contribution we have provided background for the RAN4 work of Rel-16 FR2 UE MPE enhancements and needed MAC-CE signaling solutions indicated in the RAN4 LSs in [2] and [8]. 
Observation 1: For FR2 UEs 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 without MPE enhancement solutions and signaling
Observation 5:  Fast MAC-CE signalling mechanism for UE to inform gNB of MPE event i.e. a user detection and needed UE Tx power restrictions (P-MPR) are important for deciding suitable network actions to avoid RLF and connection release due to FR2 MPE compliance.
Observation 6: MPE enhancement solutions allow the network to better maximize the use of FR2 spectrum at least for DL traffic and help UE with MPE compliance.
Observation 7: While further RAN4 input is needed on parameter value ranges, the basic MAC CE design can be started already in RAN2.
Proposal 1: Define a new UL MAC CE that indicates the  FR2 P-MPR exceeds a given threshold due to FR2 MPE limits.
Proposal 2:  FR2 MPE P-MPR reporting events and prohibit timer are specified in MAC specification.
Proposal 3:   FR2 MPE P-MPR reporting is configured per MAC entity but is only applicable for FR2 serving cells.
Proposal 4: Define event-based  FR2 MPE P-MPR reporting in MAC that triggers when P-MPR > P-MPR_Threshold (MPE event occurs) or when P-MPR < P-MPR_Threshold (e.g. similar to reportOnLeave for RRM).
Proposal 5: Define a per-UE capability for  FR2 MPE P-MPR reporting, applicable only to FR2 carriers.
Proposal 6: Endorse the CRs in CRs in R2-2002688 (38.300), R2-2002685 (38.331), R2-2002686 (38.321) and R2-2002687 (38.306) as baseline for FR2 MPE P-MPR reporting while waiting for further RAN4 feedback.
Proposal 7: Continue MPE discussion via email discussion until RAN2#110e.
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