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Introduction 
3GPP RAN4 has started the discussion about PC1.5 (29dBm) for both mobile and FWA devices including the mitigation solution for RF exposure requirements. The maximum permissible exposure (MPE) has been taken into account for the FWA devices based on the regional regulations. In RAN#99-e, some approaches were proposed for the FWA MPE handling, and it was agreed to have further discussions on how to define the optional solutions, except the option of maxUplinkDutyCycle-FR2, and its signalling method for FWA devices [1, 2].
Table 1: Proposed options for the FWA MPE handling
[image: ]
In order to continue the discussion, and to help decide the FWA MPE handling scheme of FR1 in this meeting, this paper reminds of additional information of determining compliance with the regional requirement, and of the proposed solutions based on further investigation of the existing products and compliance reports on top of [3-5].
Discussion
As provided in [4], the procedure used to determine the RF power density is based upon a calculation for determining compliance with the MPE requirements. Through use of the Friis transmission formula and knowledge of the maximum antenna gain to be used, the power density level,  (mW/cm2), is calculated as below.

Where  and  are gain of antenna in linear scale and output power to antenna (mW), respectively, and  is distance between observation point and centre of the radiator (cm).
Looking at the formula above, it is simply understood that the MPE can be derived by the maximum EIRP () and its separation distance for the evaluation (). However, since the tolerance of  can vary with the products and it might depend on the targeted EIRP given the supported band and/or the power class, it was agreed that , by generalizing the antenna and product design for the specification, is challenging due to the uncertainty and variation as well as the possible declared value of distance, , by the manufacturer for compliance. 
Observation 1: It was agreed that , by generalizing the antenna and product design for the specification, is challenging due to the uncertainty and variation as well as the possible declared value of distance,  , by the manufacturer for compliance.
Moreover, in compliance with the FCC rules and regulations [6], and some compliance reports recently approved for the FWA devices, if needed, it is noted that the separation distance to meet the mobile RF exposure limit can be declared with an appropriate statement in the visual advisories as follows.
	Excerpts from [6]
“(omitted)
(3) If appropriate, awareness of exposure from devices in this section can be accomplished by the use of visual advisories (such as labeling, embossing, or on an equivalent electronic display) and by providing users with information concerning minimum separation distances from radiating structures and proper installation of antennas.
(i) Visual advisories shall be legible and clearly visible to the user from the exterior of the device.
(ii) Visual advisories used on devices that are subject to occupational/controlled exposure limits must indicate that the device is for occupational use only, must refer the user to specific information on RF exposure, such as that provided in a user manual, and must note that the advisory and its information is required for FCC RF exposure compliance. Such instructional material must provide the user with information on how to use the device in order to ensure compliance with the occupational/controlled exposure limits.
(iii) A sample of the visual advisory, illustrating its location on the device, and any instructional material intended to accompany the device when marketed, shall be filed with the Commission along with the application for equipment authorization.
(iv) For occupational devices, details of any special training requirements pertinent to limiting RF exposure should also be submitted. Holders of grants for mobile devices to be used in occupational settings are encouraged, but not required, to coordinate with end-user organizations to ensure appropriate RF safety training.
(omitted)”


Thus, the minimum separation distance () is also variable that can be declared by the UE for the evaluation and network deployments. 
Observation 2: In compliance with the FCC rules and regulations, and some compliance reports recently approved for the FWA devices, the minimum separation distance () is also variable that can be declared by the UE for the evaluation and operation.
In addition, due to the co-location of all of the antennas within the device, a simultaneous transmission analysis should also be performed to assess compliance with the power density requirement when all radios are transmitting at the maximum allowed power including FR2. In that sense, the declared minimum separation distance corresponds to the total supported bands at a time. Table 2 shows an example of the MPE evaluation report for the FWA device.
Table 2: An example of the MPE evaluation for the FWA device (without duty cycle)
	Simultaneous Transmission Analysis (worst case)

	Radio
	Duty Cycle (%)
	Conducted Power (dBm)
	Maximum EIRP (dBm)
	Measurement Distance (cm)
	Calculated MPE (mw/cm2)
	MPE Limit (mw/cm2)

	NR FR2
	100
	-
	50
	90
	0.982
	1.000

	NR FR1
	100
	23
	30
	90
	0.010
	1.000

	BLE
	100
	1
	3
	90
	0.000
	1.000

	
	
	
	
	Total
	0.992
	1.0


As shown in Table 2, the minimum measurement distance is determined by the total transmitted maximum power. Since the NR FR2, e.g., PC1 of FR2, can achieve the higher EIRP than other radios, there is no doubt that the FR2 EIRP level is a dominant factor to determine the total MPE level and its measurement distance to comply with the regulatory requirement if the UE supports both FR1 and FR2.
Observation 3: If the UE supports both FR1 and FR2, FR2 EIRP level is a dominant factor to determine the total MPE level and its measurement distance to comply with the regulatory requirement.
The duty cycle scheme can be applied to the supported FR2 band as specified in TS 38.101-2 to improve the installation limit due to the separation distance while keeping the MPE compliance. Table 3 is the example scenario when the maximum duty cycle is applied to the FR2 band from Table 2. 
Table 3: An example of the MPE evaluation for the FWA device (with duty cycle for FR2)
	Simultaneous Transmission Analysis (worst case)

	Radio
	Duty Cycle (%)
	Conducted Power (dBm)
	Maximum EIRP (dBm)
	Measurement Distance (cm)
	Calculated MPE (mw/cm2)
	MPE Limit (mw/cm2)

	NR FR2
	20
	-
	50
	41
	0.947
	1.000

	NR FR1
	100
	23
	30
	41
	0.047
	1.000

	BLE
	100
	1
	3
	41
	0.000
	1.000

	
	
	
	
	Total
	0.994
	1.0


As indicated in Table 3, the introduction of the duty cycle scheme definitely contributes to a relaxed minimum separation distance limitation for the FWA deployment. Also, since the high power FR1 FWA UE can share the same duty cycle method with the FR2 FWA UE, it is beneficial to meet the MPE requirement by adopting the same solution as the current MPE schemes of FR2. For example, in spite of the enhancement of 6dB conducted power for the NR FR1, it is also able to keep the measurement distance as sharing the maximum uplink duty cycle as shown in Table 4.
Table 4: An example of the MPE evaluation for the FWA device (29dBm with the same duty cycle as FR2)
	Simultaneous Transmission Analysis (worst case)

	Radio
	Duty Cycle (%)
	Conducted Power (dBm)
	Maximum EIRP (dBm)
	Measurement Distance (cm)
	Calculated MPE (mw/cm2)
	MPE Limit (mw/cm2)

	NR FR2
	20
	-
	50
	41
	0.947
	1.000

	NR FR1
	20
	29
	36
	41
	0.038
	1.000

	BLE
	100
	1
	3
	41
	0.000
	1.000

	
	
	
	
	Total
	0.985
	1.0


Observation 4: Duty cycle scheme definitely contributes to a relaxed minimum separation distance limitation for the FWA deployment, and it is also beneficial for the high-power UE operation in FR1 to meet the MPE requirement.
Observation 5: The simplest method to handle the MPE requirement is to adopt the same solution as the current MPE schemes of FR2.
However, the option was discarded based upon the discussion in the last meeting, and RAN4 should have an agreement on the scheme in this meeting. Among the options on the table, option 3 would be appropriate for the MPE scheme of the FR1 high-power FWA UE as proposed in [5]. With regard to the new signalling for the high power FWA UE, RAN4 has the tentative agreement that new signaling is needed to distinguish the device type in FR1 [2]. Also, the MPE requirement for FR1 FWA UE can have more room in terms of the duty cycle restriction than SAR thanks to the form factor. Therefore, it would be also beneficial to have a different parameter with SAR handling scheme for the smartphone since the regulatory criterion is totally different.
Observation 6: It would be beneficial to have a different parameter and solution for FWA MPE with smartphone SAR since the regulatory criterion is totally different.
For the option 3, similar to the FR2 duty cycle, the UE can indicate the maximum percentage of symbols that can be scheduled for uplink transmission at the UE maximum transmission power considering other transmitting radios in a FWA UE by introducing an appropriate new capability, e.g., maxUplinkDutyCycle-FWA-FR1. If the percentage of uplink symbols transmitted is larger than the reported capability, the UE can apply P-MPR following the uplink scheduling. Given the legacy UE deployed in the network already without the capability, it can be “undefined” if the capability is absent. An updated outline of the proposed duty cycle option is summarized in Table 5 compared with the existing solutions in 3GPP.
Table 5: A brief outline of duty cycle solutions
	
	Option 1
	Option 2
	Option 3

	Parameter
	maxUplinkDutyCycle-PC2-FR1
	maxUplinkDutyCycle-FR2
	maxUplinkDutyCycle-FWA-FR1

	Applicability
	FR1 HPUE (Smartphone)
	FR2 (All PCs)
	FR1 HPUE (FWA)

	Criterion
	SAR (W/kg)
	MPE (W/m2)
	MPE (W/m2)

	Element
	60%, 70%, 80%, 90%, 100%
	15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%
	20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%

	> Max UL (%)
	PC fall-back
	P-MPR
	P-MPR

	Default
	50% (PC2), 25% (PC1.5)
	None (scaling down)
	None (declaring distance)


Proposal: A new signalling can be introduced for the high power FWA UE in FR1 to mitigate the impact of the MPE requirement as option 3 in Table 5 above.
Conclusions
In this contribution, we remind of a possible solution based on further investigation of the existing regulation and compliance reports. Detailed observations and proposal are summarized below. 
Observation 1: It was agreed that , by generalizing the antenna and product design for the specification, is challenging due to the uncertainty and variation as well as the possible declared value of distance,  , by the manufacturer for compliance.
Observation 2: In compliance with the FCC rules and regulations, and some compliance reports recently approved for the FWA devices, the minimum separation distance () is also variable that can be declared by the UE for the evaluation and operation.
Observation 3: If the UE supports both FR1 and FR2, FR2 EIRP level is a dominant factor to determine the total MPE level and its measurement distance to comply with the regulatory requirement.
Observation 4: Duty cycle scheme definitely contributes to a relaxed minimum separation distance limitation for the FWA deployment, and it is also beneficial for the high-power UE operation in FR1 to meet the MPE requirement.
Observation 5: The simplest method to handle the MPE requirement is to adopt the same solution as the current MPE schemes of FR2.
Observation 6: It would be beneficial to have a different parameter and solution for FWA MPE with smartphone SAR since the regulatory criterion is totally different.
Proposal: A new signalling can be introduced for the high power FWA UE in FR1 to mitigate the impact of the MPE requirement as option 3 in Table 5 above.
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Paramet er  maxUplinkDutyCycle - PC2 - FR 1  maxUplinkDutyCycle - FR2   [ maxUplinkDutyCycle - FWA - FR 1]  

Applicability  FR1  HPUE ( Smartphone)  FR2 (All PCs)   FR1  HPUE (FWA)  

Criterion  SAR (W/kg)  MPE (W/m 2 )   MPE   (W/m 2 )  

Element  60 % , 70 % , 80 % , 90 % , 100 %  15 % , 20 % , 25 % , 30 % , 40 % ,  50 % , 60 % , 70 % , 80 % , 90 % ,  100 %   [ 2 0%, …, 100%]  

>  Max  UL ( %)  PC fall - back  P - MPR   P - MPR  

Default  50%   (PC2), 25% (PC1.5)  None   (scaling down)   N one   (d eclaring distance)  

 


