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1	Introduction 
In RAN 89e, new WID on NR RF enhancements for FR2 is approved [1]. The purpose of this WI is to specify related FR2 UE features and associated requirements, including
· UL gaps for self-calibration and monitoring. [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gaps for general self-calibration and monitoring purposes including
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management
· Other self-calibration and monitoring use cases are not precluded
· Phase 1: Study and clearly identify performance gains over the current baseline (Rel.16 requirements). Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behaviour i.e. if gaps are not available for UE requesting gaps.

In this document we discuss the issue of maximum power reduction (MPR) due to RF exposure regulatory limits on power density for operation in 5GNR FR2 mmW bands.
2	Discussion
2.1	millimeter Wave (mmW) Frequency Radiation Health Effects
mmW transmissions are categorized as non-ionizing in nature, since they produce about 10,000 times less energy than is required to make an atom ionized by removing an electron. Regulatory bodies like the Federal Communications Commission (FCC) and the International Commission on Non-Ionizing Radiation Protection (ICNIRP), establish guidelines for limiting exposure that will provide protection against known thermal effects from EMF.
Specific Absorption Rate (SAR) and Power Density (PD) are two main metrics that are used to measure the amount of RF exposure to the human body. All transmissions in the sub-6 GHz frequency range, because of their relatively large wavelengths (compared to mmW and microwave signals), can penetrate into the human body. Therefore RF exposure quantification at these frequencies is done in volumetric terms, where the amount of RF energy absorbed by a unit mass of tissue is used to quantify the RF exposure. The resulting RF exposure metric is referred to as “SAR” and is specified in units of Watts/kg. Millimeter-wave transmission signals, owing to their high frequencies, have relatively shorter wavelengths compared to the sub-6 GHz frequencies. Consequently, their penetration is limited to outer layers of human body like skin, eyes, etc. RF exposure measurements at mmW frequencies are therefore done over a surface area. Accordingly, the RF exposure at mmW frequencies is measured in terms of Power Density (PD) and is specified in units of Watts/m2 or mW/cm2.
2.2	RF Exposure Metrics and Limits
As noted above, SAR and PD are two main metrics used to determine RF exposure compliance of a given radio. SAR is expressed in W/kg and PD is expressed in mW/cm2. SAR is used for determining RF compliance of radios operating below sub-6 GHz frequencies, while PD is used for radios operating above 6 GHz frequencies. Thus, PD would be used for determining RF exposure compliance of a 5G FR2 cellular radio. SAR and PD values for a given radio are measured using phantoms incorporating tissue simulating materials. SAR is measured based on the amount of RF power absorbed by the tissue volume inside the phantom. These measurements are performed over volumes of 1 gram and 10 grams of tissue. PD on the other hand is determined based on the RF power measured on phantom surface of exposed area. FCC and ICNIRP, the two main regulatory bodies, specify the following upper limits for SAR (Table 1) and PD (Table 2). Table 2 shows the power density limit, surface areas and averaging times for both ICNIRP [2] and FCC [3] specifications for frequencies relevant to 5GNR FR2.
 
Table 1: SAR Limits for General Population 
	Regulatory Body
	Whole Body
	SAR1g limit
	SAR1g Averaging time
	SAR10g limit
	SAR10g Averaging time

	ICNIRP
	0.08 W/kg (averaged over 6 minutes)
	NA
	NA
	2 W/kg (Head and Trunk) and 4 W/kg (Limbs)
	6 minutes

	FCC
	0.08 W/kg (averaged over 30 minutes)
	1.6 W/Kg (Head and Body)
	<=30 minutes
	4 W/kg (Extremity)
	<=30 minutes

	Note: In TCBC workshop of October 2018, FCC issued interim guidance to use an averaging time of 100 seconds for frequencies below 3 GHz, and 60 seconds for 3-6 GHz.



Table 2: SAR Limits for General Population 
	Regulatory Body
	PD limit
	Phantom Surface Area
	PD Averaging time

	ICNIRP 2020
	
 (6-300 GHz)
(30-300 GHz)


(6-300 GHz)
 (30-300 GHz)

	4 cm2 (6-300 GHz)
1 cm2 (30-300 GHz)
	6 minutes

	FCC
	1 mW/cm2 
	4 cm2
	4 seconds (24-42 GHz)
2 seconds (42-95 GHz)

	Note:  denotes operating frequency in GHz,  denotes the wavelength of radiation and  denotes the distance of PD measurement point from the center of antenna array.



The SAR and PD limits specified in Tables 1 and 2 are applicable on a per radio basis. In general, a given wireless device could be equipped with multiple radios operating at different frequencies. The “Total Exposure Ratio (TER)” constraint given below helps regulate the overall RF exposure that a given wireless can cause. Denote m (m=1, …., M) as SAR caused by mth radio operating below sub 6 GHz, m,limit as its corresponding limit, (n=1, …., N) as PD caused by nth radio operating above 6 GHz and  as the corresponding PD limit, then the TER constraint can be stated as follows
	




The SAR/PD ratios (summands inside the two summations of Eq. (1)) are used to determine transmit power levels for the various radios. 

2.3		Maximum Power Reduction (MPR) for Regulatory Compliance

In this sub-section we describe the general procedure for determining PD experimentally to ensure regulatory compliance. Fig. 1 shows a typical set up that is used to measure the amount of PD caused by a particular Antenna Panel (AP), located on one of the side edges of Device Under Test (DUT). As shown in Fig. 1, a phantom of 4 cm2 area is placed directly in the boresight of the beam being measured. The distance between phantom and AP is set to a value “dsep”, prescribed by the regulatory bodies for this type of compliance testing.

In this sub-section we describe the general procedure for determining PD experimentally to ensure regulatory compliance. Figure 1 shows a conceptual diagram on how the amount of PD caused by a particular Antenna Panel (AP) (located on one of the side edges of Device Under Test (DUT)) is measured. In practice, the AP of DUT is made to radiate on a measurement surface, which is typically a phantom that contains tissue simulating liquid. Electro Magnetic (EM) fields induced by RF Radiation on the surface are then measured at a very close distance using a moving probe [5]. The maximum PD caused by a given beam (radiating out of a given AP) is measured over a 4 cm2 circular/rectangular patch. The 4 cm2 patch on phantom is determined by first identifying the point of maximum radiation, and then constructing a 4 cm2 rectangular or circular patch around it [5].
[image: ]
Figure 1: Typical Experimental set up for PD determination of a given beam radiated out of the DUT's AP.
Accordingly, Figure 1 shows a phantom of 4 cm2 area placed directly in the boresight of the beam whose PD is being measured. The distance “dsep”, in Figure 1, is the separation distance between AP and the 4 cm2 patch. Since the aim is to measure maximum PD caused by the (transmitting) beam, therefore transmitter power is set to maximum allowed value and the DUT is operated at 100% duty cycle. The PD thus determined is indeed the “Maximum Permissible Exposure (MPE)” caused by the given radiating beam (out of the given AP). For regulatory compliance, it is expected that measured MPE is below the limit set by regulatory bodies. The maximum PD values computed in this proposal (as reported in Figures 2 and 3) are based on the far-field PD formula [5], which does not take into account the near-field effects. 
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Figure 2: Plots show EIRP versus Maximum PD for distances of 0.2 cm and 5 cm between the averaging surface and AP respectively for 100% duty cycle.
Figure 2 shows that when the distance between phantom and AP is 0.2 cm, maximum PD is more than the targeted maximum PD limit of “-1” dBm/cm2 (which is 1 dBm lower than the FCC Regulatory limit of “0” dBm/cm2), for all EIRP values greater than about 13 dBm. Therefore to meet the target maximum PD of “-1” dBm/cm2, transmit power needs to be backed off. For EIRP values as high as 26 dBm, the Maximum Power Reduction (MPR) can be as large as 13 dB for a duty cycle of 100%. For distances as large as 5 cm away from the AP, Figure 2 shows maximum PD to be well below the targeted and FCC regulatory limit over a range of EIRP values of interest. The amount of MPR that needs to be applied, for different values of EIRP and Duty Cycle (DC) are shown in Table 3. The MPR values are computed based on measured maximum PD values, such that the measured maximum PD does not exceed the targeted maximum PD value, which is typically measured in the boresight of corresponding beam. From Table 3 one can note that at 100% DC, the amount of MPR that needs to be applied can be as large as 10 dB. MPR that needs to be applied is considerably much lower for a DC value of 20%. As Table 3 shows, for an EIRP of 26 dBm at 20% DC, MPR is 6 dB. Note that the EIRP value of 26 dBm is above the minimum peak EIRP value for Power Class 3 UEs, specified in Table 6.2.1.3-1 of TS 38.101-2 [6].  









Table 3: Required MPR [dB] for Targeted Maximum PD of -1 dBm/cm2 for different duty cycle values at a Measurement Distance of 0.2 cm.
	Peak EIRP [dBm]
	Required MPR [dB] to meet PD Compliance for Different Duty Cycle (DC) Values 

	
	100% DC
	20% DC

	14
	1
	0

	15
	2
	0

	17
	4
	0

	19
	6
	0

	21
	8
	1

	23
	10
	3

	25
	12
	5

	26
	13
	6















Observation 1: 	To ensure RF Regulatory compliance UE may have to apply MPR to the transmit power as a function of peak Tx EIRP and UL duty cycle.
Figure 3 shows how maximum PD varies with the distance between AP and PD measuring point. As can be seen from plots in Figure 3, there exists a critical distance “x2” (“x1”) beyond which the maximum PD is below the targeted maximum PD limit (FCC maximum PD limit). Beyond this critical distance, no MPR is required to ensure regulatory compliance.  
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Observation 2: 	For a given Tx EIRP there exists a critical distance above which no MPR has to be applied to comply with the regulatory RF exposure limits.
2.4	Motivation for Proximity Sensor (PS) Based Detection of Human Targets
Figure 4 shows two examples of smartphone hand grip styles (of many possible grip styles) and one example of smartphone lying on a table in which potential human targets, like hand and fingers, may not lie directly in or close to the boresight of transmitting beam. In the absence of a PS, the device transmitter can achieve RF exposure compliance by ensuring that the average transmit power over a time window does not exceed a limit. This indirectly implies reduction in maximum transmit power, independent of presence or absence of human target(s) in close proximity. However, if target positions can be determined accurately, then one can selectively apply additional MPR only when human targets are at positions in which significant RF exposure can be caused. Given that most APs emit, pencil like, highly directional beams, application of additional MPR may be required only when human targets are affected by RF exposure at a very close distance from the radiating AP. It should also be noted that other category of devices that transmit at higher power (eg. CPE for FWA aplications.) could also benefit from use of a proximity sensor in meeting regulatory RF exposure compliance while avoiding MPR most of the time.
[image: ]
Figure 4: Examples of smartphone hand style grips in which human targets may not lie in the boresight of transmitting beam.

Observation 3: 	Many UE handgrip scenarios do not warrant application of MPR to transmit power. If human targets can be detected using a proximity sensor then MPR in Table 3 can be applied only where it is required. Such proximity sensing function can be useful even for other category of devices that transmit at higher power (eg. CPE for FWA applications).
2.5	NR FR2 Link Level Simulation Results
In this section, we provide NR FR2 UL link level simulation results to evaluate the impact of additional transmit power  reduction (applied to ensure regulatory RF exposure compliance) on UL throughput. The simulation assumptions and the corresponding parameters used are shown in Table 4.






Table 4: NR FR2 UL Link Level Simulation Parameters
	Simulation Parameters
	Values

	Subcarrier Spacing (kHz)
	120

	Transmission bandwidth (MHz)
	100 

	PRB
	50

	TDRA
	14

	Waveform
	CP-OFDM

	DMRS
	Type 1

	Channel model
	TDL-A

	HARQ
	Enabled

	Number of HARQ Processes
	16

	Number of Layers
	1

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	MCS
	0-16 (QPSK/16QAM)

	Target BLER
	10%


  
  
Figure 5 and Figure 6 illustrate the link level NR FR2 UL throughput simulation results where the impact of transmit power reduction on instantaneous UL throughput for QPSK and 16QAM modulations are shown in Figure 5, and Figure 6, respectively. Here, the instantaneous throughput is the throughput corresponding to 100% duty cycle (DC), and for 20% duty cycle the throughput results should be scaled down by a factor of (100/DC), i.e. (100/20). The link level simulation results indicate that the UL transmit power reduction can result in UL throughput losses up to 75% depending on modulation order and transmit power reduction levels. As shown in Table 3, the required power reduction level depends on Peak EIRP possible for a particular modulation and UL duty cycle.


[image: ]
Figure 5: QPSK Instantaneous Throughput [Mbps] vs. Transmit Power Reduction [dB]
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Figure 6: 16QAM Instantaneous Throughput [Mbps] vs. Transmit Power Reduction [dB]

Observation 4: 	Significant impact to UL throughput is observed as a function of MPR:
· For QPSK, 12% to 75% reduction in UL throughput was observed as the MPR is varied between 1 dB and 8 dB.
· For UL 16QAM, 10% to 49% reduction in UL throughput was observed as the MPR is varied between 1dB and 8 dB.

2.6			NR FR2 UL Range Estimation
In this section we attempt to estimate the NR FR2 UL range at 28 GHz, based on the link budget analysis parameters outlined in Table 5, and the UL throughput simulation results for QPSK and 16QAM modulations.







Table 5: NR 28 GHz FR2 UL Link Budget Analysis for Range Estimation
	Parameters
	Values

	Total UE Tx EIRP [dBm]
	QPSK: 26
16QAM: 24

	Number of RBs
	50 RBs

	Channel Frequency [GHz]
	28

	Rx Noise Figure [dB]
	5

	gNB Rx Beamforming gain [dB]
	26

	Path Loss Model
	Urban Macro UMa [3GPP 38.901]

	Slow Fading Margin [dB]
	7

	Foliage Loss [dB]
	8

	Body Loss [dB]
	3


  
Figure 7 and Figure 8 illustrate the link level NR FR2 UL simulation results where the impact of transmit power reduction on UE range (UE distance to gNB) for QPSK and 16QAM modulations are shown in Figure 7, and Figure 8, respectively. The link level simulation results indicate that the UL transmit power reduction can result in UE UL range reduction of up to 33% range reduction (reduced by one-third) depending on modulation order and transmit power reduction levels. 
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Figure 7: QPSK UE UL Range Loss [m] vs. Transmit Power Reduction [dB]

[image: ]
Figure 8: 16QAM UE UL Range Loss [m] vs. Transmit Power Reduction [dB]

Observation 5:	Significant impact to UL range is observed as a function of MPR.
2.7	NR FR2 UL System Simulation Results
In this sub-section we shall present simulation results for NR FR2 UL throughput for cases when MPR is applied to ensure regulatory RF exposure compliance. Here, the instantaneous throughput is the throughput corresponding to 100% duty cycle (DC), and for 20% duty cycle the throughput results should be scaled down by a factor of (100/DC), i.e. (100/20). The simulation assumptions are based on [7] and the corresponding parameters and associated values used are shown in Table 6.
Table 6: System Simulation Parameters
	Simulation Parameters
	Values

	Number of Cells (Sectors)
	57

	Number of Users per Cell
	100

	Number of Cells per Site
	3

	Network Deployment
	UMa (Urban Macro)

	Channel Frequency
	28 GHz (Lower Band)

	BW
	100MHz

	Inter Site Distance (ISD)
	200m (80% LOS and 20% Non-LOS)

	BS Scheduler
	Round Robin

	MIMO Scheme
	SU-MIMO

	UE location
	All outdoor

	UE Speed
	0 Km/hr

	UE UL Traffic
	Full Buffer

	UE Antenna Patterns
	Simulated Device Element Patterns

	UE Antenna Element Gain
	0 dBi

	UE Beamforming Method
	Codebook Based

	BS Antenna Pattern
	3GPP

	BS Antenna Element Gain
	8 dBi

	BS Beamforming Method
	LOS

	Number of Polarizations
	2 (H,V)

	UE Max UL TRP and Peak EIRP
	17 dBm and 26 dBm

	UE Antenna Config
	4 antenna elements

	gNB Antenna Config
	1 Antenna Array: 8x8

	Cell Search
	SISO Coupling Loss



Figure 9 shows Cumulative Distribution Function (CDF) of Number of UEs transmitting at a given TX power for an ISD of 200 meters assuming that MPR is not applied to meet RF exposure compliance i.e. MPR=0 dB. Channel BW and other simulation parameters are set equal to the values in Table 6. As can be seen in Figure 9, about 60% of UEs transmit at a TRP more than 11 dBm.
[image: ]
Figure 9: CDF of UEs Transmitting at a given power level for ISD= 200 meters. Channel BW = 100 MHz.
[image: ]
Figure 10: 5-%ile UL Throughput for Different MPR Values - Channel Bandwidth=100 MHz
Figure 10 shows 5-%ile UL instantaneous throughput values of the NR FR2 system, where instantaneous throughput (as noted before) is calculated as the transmitted data packets divided by the times that the UE is scheduled to transmit. As expected, the throughput decreases as the MPR is increased from 0 to 9 dB. Throughput degradations for MPR values: 3, 6, 9 compared to the no MPR case are shown in Figure 10. For an MPR value of 9 dB, the loss in throughput is around 66%. For MPR values between 3 and 6 dB (the kind of MPR values we expect to see at duty cycle values of 20% - as noted in Table 3), 5-%ile throughput degradations compared to the no MPR case (i.e. MPR= 0 dB) can be between 27 and 52 %. Figure 11 shows mean UL throughput values for different MPR values. Similar to what has been observed in Figure 10 for 5-%ile UL throughput, even in the case of mean UL throughput one can observe a reduction in throughput as MPR is increased from 0 to 9 dB.
[image: ]
Figure 11: Mean UL Throughput for Different MPR Values - Channel Bandwidth=100 MHz

Observation 6:
· Significant impact to 5-percentile UE throughput is observed as a function of MPR. A reduction of 52% in UL throughput was observed at MPR = 6dB.
· Impact to mean throughput is observed as a function of MPR. A reduction of 13% UL throughput is observed at MPR = 6dB. 
2.8	Proximity Sensing Based Transmit Beam Power Control
The 5G FR2 UL throughput results in the previous section point to the adverse impact MPR can have on NR FR2 UL throughput. Further, the MPR and operating duty cycle calculations in Table 3 and Observation 2, indicate that the additional maximum power reduction may be required only when human targets are located at a distance smaller than certain critical range. This motivates us to consider proximity sensor (PS) based human target position estimation, so that the corresponding MPR and/or operating duty cycle values can be determined and applied only when required i.e. when RF exposure caused to human targets exceed the regulatory limits. A schematic of PS based PD compliant transmit power control is shown in Figure 12.    
[image: ]
Figure 12: PS Enabled PD Compliant Transmit Beam Power Control for NR FR2 UL

Figure 12 shows three main blocks of the PS based PD compliant transmit beam power control module, namely: PS, PD compliant transmit beam power control and the 5G NR FR2 transmitter. As can be seen the PS block comprises of a transmitter and receiver blocks which respectively transmits and receives pulses. The received pulses are post processed to determine the range of (human) target. The estimated target range is then sent to PD compliant transmit beam power control block for determination of the corresponding MPR and/or operating duty cycle value such that the RF exposure is kept below the regulatory limit. The power and/or operating duty cycle thus determined are sent to the 5G NR FR2 transceiver (TRX) block which in turn applies them to the transmit beam.
2.9	Human Target Proximity Sensing at 5G NR FR2 Bands
A Proximity Sensor (PS) that can detect human targets around the radiating 5G NR FR2 antenna panel may not be able to concurrently operate with a 5GNR FR2 transceiver. This requires creation and configuration of gaps in the airtime of 5G NR FR2 operation to allow for PS operation. As can be seen in Figure 13, sensing gaps/slots (labelled as “SG” in Figure 13) are interleaved between the regular DL and UL slots (labelled respectively as “D” and “U” in Figure 13). The frequency of sensing slots has to be determined such that there’s negligible impact on both the UL and DL throughputs.
 

[image: ]
Figure 13: Sensing Measurement Gaps Interspersed between the UL and DL Time Domain Slots

Observation 7:	A Proximity Sensor (PS) may not be able to concurrently operate with a 5GNR FR2 transceiver. This requires gaps in the airtime of 5G NR FR2 operation to allow for PS operation.
2.10			Transmit Power Levels 
Note that care should be taken to ensure that the PS transmitter and receiver do not cause undue interference to the regular 5G NR FR2 signals by operating well below the 3GPP spectral mask for the given band. To ensure this we propose to limit the transmit power of PS to values prescribed for spurious emissions in Table 6.5.3-2 of TS 38.101-2 [5]. The Table is reproduced below for convenience.




Table 7: Table 6.5.3-2 - Spurious Emission Limits (TS 38.101-2 [6])
	Frequency Range
	Maximum Level
	Measurement Bandwidth

	30 MHz  f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz  f < 12.75 GHz
	-30 dBm
	1 MHz

	12.75 GHz  f   2nd harmonic of the upper frequency edge of the UL operating band in GHz
	-13 dBm
	1 MHz



Observation 8:	By complying with existing spurious emission limit for FR2, no undue interference to the regular 5G NR FR2 signal for the given FR2 band is expected.
3	Conclusions
This contribution has provided our views on the need for enabling proximity sensor operation within the NR FR2 frequency band. Our observations are as follows:
Observation 1: 	Due to the regulatory requirement on RF exposure limits, there is a need for UE to perform additional MPR as a function of peak Tx EIRP and uplink duty cycle.  For example, for a peak EIRP = 26 dBm and duty cycle = 20%, the required MPR is around 6 dB.
Observation 2: 	There exists a “critical range” for an NR FR2 radio, beyond which if a human target is present, no MPR is required to remain RF exposure compliant. 
Observation 3: 	There are many realistic mobile device (smartphone, tablet) handgrips, for which a human appendage does not lie in the field of view of a 5GNR mmW UL beam. In such scenarios, additional MPR could be avoided if human target presence/absence in close proximity could be detected by the UE equipped with an adequate proximity sensor. Such proximity sensing function can be useful even for other category of devices that transmit at higher power (eg. CPE for FWA applications).
Observation 4: 	Significant impact to UL throughput with QPSK and 16QAM is observed as a function of MPR:
· For QPSK, 12% to 75% reduction in UL throughput was observed as the MPR is varied between 1 dB and 8 dB.
· For UL 16QAM, 10% to 49% reduction in UL throughput was observed as the MPR is varied between 1 dB and 8 dB.

Observation 5:	Application of MPR to Transmit power has a significant impact (up to 33%) on UL range.

Observation 6:	Significant impact to system throughput observed for a channel BW of 100 MHz and Inter Site Distance of 200 meters:
· 5-percentile UL throughput reduced by 52% at an MPR = 6 dB.
· Mean UL throughput reduced by 13% at an MPR = 6 dB.

Observation 7: 	A Proximity Sensor (PS) may not be able to concurrently operate with a 5GNR FR2 transceiver. This requires gaps in the airtime of 5G NR FR2 operation to allow for PS operation.

Observation 8: 	By complying with existing spurious emission limits for FR2, no undue interference to the regular 5G NR FR2 signal for the given FR2 band is expected.
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