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1 Background
RAN4 has continued the discussion on maxUplinkDutyCycle-FR2 for FR2 UE capability after sending an LS [1] and made the following agreements during RAN4#91:  

· Evaluation period for UE capability maxUplinkDutyCycle-FR2 for is 1 seconds 

· 15 % value should be allowed for UE capability maxUplinkDutyCycle-FR2 in addition to values what were in WF from plenary i.e. possible declarable values are 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100%

· If the field of UE capability maxUplinkDutyCycle-FR2 is present and the percentage of uplink symbols transmitted within any 1 s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPRf,c

· If the field of UE capability maxUplinkDutyCycle-FR2 is absent, the compliance to electromagnetic power density exposure requirements are ensured by means of scaling down the power density or by other means.

· maxUplinkDutyCycle-FR2 is applicable for all power classes in FR2
The following work item has also been agreed in RAN# 83 as part of the RF requirement enhancement in FR2 [2]:

· 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

In this contribution we reiterate that, generally, the 3GPP requirements on minimum peak EIRP can be met under the expected RF EMF exposure restrictions [3]. In addition, we also propose a possible solution to mitigate the MPE issue for avoiding radio link failures and connection releases through enhancement in the uplink duty cycle report.
2 Maximum EIRP subject to EMF requirements
The maximum EIRP to meet compliance with the relevant EMF exposure limits is estimated for code-book-based beamforming arrays at 28 GHz and 39 GHz has been analyzed in our previous contributions. Here, we recap some of the results from our previous contribution for convenience [3], and the detail of the study can be found in [4]. Different types of antenna elements, element spacing, 4- and 8-element array configurations in a realistic housing integration were considered. 

The simulation model for 28 GHz is shown in Figure 1 with the patch, notch and slot antennas in a 4 x 1 array printed on a (29 mm x 14 mm x 0.3 mm, er = 3.55) substrate mounted in the corner of a 126 mm x 62 mm x 8 mm chassis. The element spacing is D = 5 mm. A plastic box a (130 mm x 66 mm x 8 mm, er = 3.55) with thickness 1 mm was used to simulate the UE casing. Hence a realistic handheld form-factor with a type of antenna arrangement expected in the first NR UEs.
The spatial-averaged power density over the applicable averaging area A is determined at a distance d perpendicular to the UE as shown also in Figure 1. The averaging area is swept over a large evaluation plane for each beam wi. 
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Figure 1: simulation model for 28 GHz for each type of antenna element (4 x 1 array), and the illustration of spatial averaged power density .
Table 1 shows a summary of the results for 28 GHz and a 4 x 1 array for the different antenna element types (characterized by an element spacing D = 5 mm). We observe that the required power reduction to meet the requirement on EIRP is less than 3 dB assuming full duty cycle in the uplink.

This leads to the following observation for the cases studied: the 4 x 1 and 8 x 1 array configurations considered would imply a maximum P-MPR less than 3 dB, and hence a minimum duty cycle of 50% for compliance with the EMF limits without power reduction for Power Class 3 Therefore, the possibility of a UE must lower its duty cycle to meet MPE limits would be low. In other words, the power backoff that would be needed for a UE would also be limited in real life.
Table 1: summary of reaults obtained for 4 x 1 arrays at 28 GHz.
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Proposed ICNIRP/IEEE limits
Patch 14.6 24.6
Notch 15.6 25.6
Slot 18.8 29.2
Proposed FCC Limits
Patch 9.7 19.8
Notch 10.8 20.7
Slot 14.0 244





Observation 1: generally, the 3GPP requirements on minimum peak EIRP can be met under the expected RF EMF exposure restrictions, which reduces the risk that the power back off P-MPR would be large.
3 Enhancement on MPE
Nevertheless, given stringent MPE requirements for FR2, some possible enhancement on current solutions are discussed in this section. Since the UE uses beams and transmitted powers change dynamically change in live operation, the corresponding MPE performance also changes. Therefore, the UE should be able to mitigate the MPE issue dynamically. 

There are two options for the UE to resolve the MPE issue dynamically:
1. The UE could dynamically indicate the uplink duty cycle. Assuming that the UE implied the P-MPR when the network configured uplink duty cycle is larger than the UE capability maxUplinkDutyCycle-FR2, a dynamic reported uplink duty cycle from the UE could effectively avoid a significant and unpredictable P-MPR. 

Since UE capability information is an RRC message, which lacks flexibility in terms of dynamic reporting, a lower layer signaling method may be needed to implement this feature.
Observation 2: Reporting uplink duty cycle dynamically could effectively avoid significant and unpredictable P-MPR.
2. The UE could also dynamically switch its antenna panel or beam to avoid the MPE issue, which provides an additional solution for avoiding radio link failures and connection releases. To our understanding this solution is under discussion in RAN1#98 as part of beam management enhancements [5]. RAN4 should monitor the conclusion of the discussion since it may impact on the way of reporting MPE related parameters, e.g., uplink duty cycle, P-MPR or PHR.
Observation 3: RAN4 should take the RAN1 decision into account when designing the enhancement of MPE mitigation technology. 
4 The MPE issue when UE transmit over FR1 and FR2 simultaneously 
Even though the MPE could be mitigated for stand-alone FR2 using existing solutions, the risk of FR2 link failure would be incresased for a UE transmitting in FR1 and FR2 simutansouely, e.g. if configured for EN-DC. Currently, the total exposure ratio (TER) is used to limit the MPE when transmission occurs in both frequency ranges, calculated by combining all the SAR measurement results and PD measurement results after normalizing to their respect limits: 
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The TER may further reduce the maximum permissible transmitted power for FR2, which could results in a uplink failure. 
5 Conclusions
In this contribution we make the following observations

Observation 1: generally, the 3GPP requirements on minimum peak EIRP can be met under the expected RF EMF exposure restrictions, which reduces the risk that the power back off P-MPR would be large.
Observation 2: Reporting uplink duty cycle dynamically could effectively avoid significant and unpredictable P-MPR.
Observation 3: RAN4 should take the RAN1 decision into account when designing the enhancement of MPE mitigation technology. 
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