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1.
Introduction
In previous RAN4 #90BIS meeting, CR[1] was agreed to remove 10% tile duty cycle ratio and include 15% as the lowest maxUplinkDutyCycle level to compliance the Maximum permissible Exposure limitation at mmWave.
However, the default value of maxUplinkDutyCycle is still FFS in specification when the UE did not report the signalling of maxUplinkDutyCycle level to satisfy the MPE regulatory requirements at FR2. 
One of suggestion from network vendor and operator was discussed and defer to RAN4 next meeting as below

· Possible agreement:  Not signlaing UL dutycycle capability means undefined. 

However, the possible agreement can be interpreted that network will be scheduled the uplink grant without any restriction of maxUplinkDutyCycle ratio at FR2. Then the UE could not comply the MPE regulatory requirements in filed, then the UE also applied P-MPR. It will be restricted the pre-release UE’s initial access to network compare to the maxUplinkDutyCycle capable UE.
In this contribution, we provide measured results for MPE for both NSA and SA NR UE. Also propose the default value of maxUplinkDutyCycle to guarantee the network coverage without P-MPR which was same principle to decide maxUplinkDutyCycle at FR1. Also this proposal can be minimize the human exposure impact when early released UE did not report the maxUplinkDutyCycle to network at FR2 in real market.
2. 
Consideration 3GPP RAN guidance and UE feature list

In last RAN4 meeting, RAN4 try to make an agreement not to define the default UplinkDutyCycle ratio in rel-15 as above the possible agreement.
However, the possible agreement is not match to the RAN guidance for the UE feature list in [2] as shown in Table 1.
In here, RAN recommendation and decision is that ‘Mandatory to report non-default uplink duty cycle if UE supports’ as 2-16 UE capability.
It mean that the default value should be decided considering UE does not have this capability or UE does not report the capability. And also if UE’s candidate duty cycle value is not match the default value, then the UE should be reported the duty cycle ratio to network.
Table 1. Agreed RAN4 UE feature list in RP-190704
	#
	Feature group
	Components
	Prerequisite feature groups 
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (See R4-17121 19)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN
	TSG-RAN decision

	2-16
	Maximum uplink duty cycle for FR2 power class 3 UE
	1) Maximum percentage of uplink transmission time that can be scheduled within 1s time window in order to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The value range is {10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}. 
	
	Yes
	UE relies on the power back off as in TS38.101-2 to ensure the regulatory compliance
	Type 1
	No Need
	Applicable only to FR2 
	
	Per band capability.

Default value is FFS
For a FR2 UE when the percentage of uplink transmission time scheduled within a certain evaluation period is larger than its capability, UE could do power back off as in TS38.101-2.

Note: RAN4 is asked whether any value <=10% should be added.
	RAN4
	Mandatory to report non-default uplink duty cycle if UE supports

	Mandatory to report non-default uplink duty cycle if UE supports



However, the possible agreement was not aligned the RAN decision and recommendation. So RAN4 should define the default value as RAN decision for the 2-16 UE capability at FR2.
Observation 1: RAN decided to specify the default value for maxUplinkDutyCycle ratio to comply the MPE regulatory requirements. And UE should report the non-default value if UE support 2-16 UE capability.

Based on the observation 1, we propose as follow
Proposal 1: Based on the endorsed UE feature list, RAN4 shall decide the default value of maxUplinkDutyCycle to comply the MPE regulatory requirements.
The default value should be decided to comply with MPE regulatory requirements when UE does not have the capability or UE does not report a duty cycle ratio. 

The principle to decide the default value in FR2 should be same as the one in FR1. In FR1, UE does not apply P-MPR to comply with SAR regulation. The 0dB P-MPR should be applied to keep the cell coverage in FR2. RAN4 can only adjust the ratio of maxUplinkDutyCycle to satisfy the MPE regulatory requirements. 

Based on this principle or some more detail description to protect human body and considering RMC channel, some interested companies provided the preferred default value of maxUplinkDutyCycle as shown in Table 2 in the last RAN4 meeting.
Table 2. Companies’ view on the default value of maxUplinkDutyCycle at last RAN4 meeting
	Default value
	LGE
(R4-1903026)
	OPPO
(R4-103047)
	Apple (R4-1903070)/
Intel (R4-1904664)
	MTK
(R4-1903295)
	Nokia 

(R4-1903083)
	HW
(R4-1904459)
	QC
(R4-1903126)

	MaxUplinkDutyCycle
	20%
	20%
	25%
	<30%
	100%
	20%
	100%

	Note
	Early release UE without the capability 
	UEs already on the market which do not support this capability
	Based on RMC for possible configuration
	To meet 45°C UE skin Temp. req.
	avoid any backwards compatibility
	Possible optimize design to FCC
	UE itself will ensure compliance with regulatory requirements


The most preferred default value is 20~25% of maxUplinkDutyCycle in FR2. 
One chipset vendor preferred that the MPE regulatory requirement can be satisfied by UE implementation. However, it is quite difficult to depend on the UE implementation to comply with the regulation because certain modem chipset cannot support the adaptive transmission and measure the average power by considering the MPE regulation. 

Also 100% default value does not guarantee any UE performance in real field. The UE will apply a certain P-MPR and it will impact to the success ratio of the initial access by reduced cell coverage compare to good scheduled UE from NW without any reduced cell coverage.
Based on these observation and proposals, we propose as follow
Proposal 2: To decide the default value of maxUplinkDutyCycle, 0dB P-MPR should be decided as basic principle to maintain cell coverage in FR2.
3. 
MPE measurements for SA UE at mmWave
In paper [2], the updated FCC and ICNIRP limitations are introduced in Table 3.
Table 3. General public RF Maximum Permissible Exposure limits above the frequency [image: image2.png]
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	FCC
	ICNIRP 

	
	‘Old’
	‘New’
	‘Old’
	‘New’ (Reference levels)
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 (GHz)
	6
	6
	10
	6

	Incident power density  (W/m2)
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	10
	10
	10
	55*f--0.177

30 (at 28GHz)

28 (at 39GHz)

	Averaging area
	1 cm2
	4 cm2
	20 cm2
	4 cm2 up to 30 GHz and 1 cm2 above


In Table3, we can see that the FCC regulation is tighter than ICNIRP limitation at 28GHz.

To measure the RF exposure levels in human body, we consider two antenna panels and 4Tx antenna elements per panel as shown in Table 4.
Table 4. NR UE parameters for measurements
	UE parameters
	Unit
	

	Operating band 
	
	n260/ n261

	# of antenna in an array (# of patches, # of dipoles, etc.)
	
	One 2x2 patch

	# of arrays in total
	
	2

	Antenna type (patch, dipole, or both)
	
	patch

	Antenna location (front, back, top-side, left-side, right-side, bottom-side)
	
	Left & Right

	Device case material (Plastic, Glass, Ceramic, Metal)
	dB
	Metal

	Device size (3D)
	cm3
	Over 150mm of length

	Legacy Antenna (w/ Metal, Plastic Frame)
	
	Plastic

	Display panel
	Y/N
	Y

	Bezel Margin
	Y/N
	N/A

	Gap between antenna & housing
	mm
	N/A


Based on these regulatory limitation, we measured the RF exposure level of NR UE at n261/n260 operating bands.

Table 5. Measured RF Exposure levels at 28GHz/39GHz
	Operating Band
	Measured Condition
	Test Distance
	Test Grid Size 
	UplinkDutyCycle
	CH
	AG0 (H)
	AG1 (V)
	AG0+AG1 EIRP
	Avg. Area [4cm^2]

	
	
	
	
	
	
	
	
	
	PD(W/m^2)

	n261
	Left side
	0mm
	20x20mm
	50.0%
	Low
	
	
	20.4
	21.6 

	n261
	Front
	0mm
	20x20mm
	50.0%
	Low
	
	
	20.4
	10.2

	n261
	Rear
	0mm
	20x20mm
	50.0%
	Low
	
	
	20.4
	8.7 

	n261
	Left side
	0mm
	20x20mm
	25%
	Low
	
	
	17.4
	10.8 

	n261
	Front
	0mm
	20x20mm
	25%
	Low
	
	
	17.4
	5.03 

	n261
	Rear
	0mm
	20x20mm
	25%
	Low
	
	
	17.4
	4.45 

	n261
	Left side
	0mm
	20x20mm
	12.5%
	Low
	
	
	14.4
	5.4 

	n261
	Front
	0mm
	20x20mm
	12.5%
	Low
	
	
	14.4
	2.54 

	n261
	Rear
	0mm
	20x20mm
	12.5%
	Low
	
	
	14.4
	2.2 

	n261
	Left side
	0mm
	20x20mm
	6.25%
	Low
	
	
	11.4
	2.8 

	n260
	Left side
	0mm
	20x20mm
	50%
	Low
	
	
	19.6
	14.8

	n260
	Front
	0mm
	20x20mm
	50%
	Low
	
	
	19.6
	4.9

	n260
	Rear
	0mm
	20x20mm
	50%
	Low
	
	
	19.6
	4.2

	n260
	Left side
	0mm
	20x20mm
	25%
	Low
	
	
	16.6
	7.3

	n260
	Front
	0mm
	20x20mm
	25%
	Low
	
	
	16.6
	2.4

	n260
	Rear
	0mm
	20x20mm
	25%
	Low
	
	
	16.6
	2.0


Based on these measurement Table 5, the total required power reduction level is about 6dB. 
The NR UE at FR2 can be satisfy the MPE regulatory requirements as follow three options.

· Option1) Apply 6 dB P-MPR only without maxUplinkDutyCycle restrictions
· Option2) Apply 20% maxUplinkDutyCycle only without P-MPR

· Option3) Apply both P-MPR and maxUplinkDutyCycle
There are summary the pros & cons for each options
Table 6. Pros & Cons according to candidate solutions for MPE
	Solution
	Pros
	Cons

	Option1
	· TDD UL/DL configuration is not restricted
· Early released 5G UE easily satisfied the MPE
	· Shrink the cell coverage

· Initial access is restricted area

· RAN2 signalling is not support P-MPR reporting from UE

	Option2
	· Maintain the cell coverage

· Initial access is not restricted area

· RAN2 signalling is support  maxUplinkDutyCycle reporting from UE

· Early released 5G UE easily satisfied the MPE 
	· TDD UL/DL configuration is restricted.

	Option3
	· Simple to satisfy MPE
	· RAN2 signalling is not support P-MPR reporting from UE
· Early released UE do not provide any informations to NW  for both P-MPR & maxUplinkDutyCycle


The problem of the 100% maxUplinkDutyCycle as default value is that P-PMR always applied to satisfy the MPE regulatory requirements. It will be raised the cell coverage decreased problem. Then 5G UE initial access is quite difficult compare to NR FR1.
Also the early released NR UE without maxUplinkDutyCycle capability signalling in early market did not satisfy the MPE with 100% default value of maxUplinkDutyCycle. Then the early released 5G UE always applied P-MPR with certain dB, it quite impact to shrink the cell coverage.
However, if the 20% maxUplinkDutyCycle as default value is applied, the UE does not necessary P-MPR level for compliance the MPE regulatory requirements. Also the early released 5G UE always satisfy MPE requirements for 20% default value of maxUplinkDutyCycle without P-MPR. Therefore there was no critical impact to the cell coverage.
This 20% default value of maxUplinkDutyCycle is derived as same approach when RAN4 decide the default value of maxUplinkDutyCycle at FR1.
In other words, 50% default value was decided with P-MPR 0dB for power class 2 UE at FR1 since network consider the default values without any P-MPR report from UE side.
Therefore, we propose the default value of maxUplinkDutyCycle at FR2 as following
Proposal 3: The default value of maxUplinkDutyCycle should be decided with 20% duty cycle ratio without P-MPR to maintain cell coverage.
Based on the measurement results in Table 5 and the analysed Table 6, RAN4 specify the required P-MPR and maxUplinkDutyCycle to meet the RF exposure requirements as shown in Table 7 as an example.

Table 7. Combination of P-MPR and maxUplinkDutyCycle

	Operating Band
	Total required Power reduction [dB]
	P-MPRf,c
[dB]
	maxUplinkDutyCycle 

[%]
	Note

	n257, n258, n260, n261
	( 6dB 
	0
	20 <= maxUplinkDutyCycle <= 25
	Default value of maxUplinkDutyCycle is 20% with 0dB P-MPR

	
	
	3
	25 < maxUplinkDutyCycle <= 50
	only maxUplinkDutyCycle can be used to maintain cell coverage

	
	
	6
	50 < maxUplinkDutyCycle <= 100
	

	
	( 6dB
	X
	20 <= maxUplinkDutyCycle <= 100
	Both P-MPR & maxUplinkDutyCycle used to satisfy MPE regulatory requirements


If the total required MPR level is larger than 6dB, then RAN4 can use both P-MPR and the restricted maxUplinkDutyCycle for RF exposure limitation as shown in Table 7. Then, P-MPR also need to specify the UE capability signalling since RAN2 specification in TS38.331 do not specify the P-MPR signalling. 
It means that the applied P-MPR with certain dB in UE side is not reported network, then network can scheduled the higher maximum power regardless of P-MPR level in cell edge region, then UE autonomously apply P-MPR, hence the UE can be released from network connection by network failure.
Based on these analysis, we propose as follow

Proposal 4: RAN4 will discuss and decide the dynamic maxUplinkDutyCycle and P-MPR in rel-16 based on the required total power reduction level to comply MPE regulatory requirements.
4. 
Consideration of SAR related regulation for NSA UE

For launching the NR NSA UE, the sample NSA UE are tested for compliance of FCC regulation. Specially, the inter-band EN-DC UE support LTE and NR including both FR1 and FR2.
In TS38.101-3, the configured output power for EN-DC including FR2 is specified as individually as shown in session 6.2B.4.1.4. 

6.2B.4.1.4
Inter-band EN-DC including FR2

For inter-band dual connectivity with one uplink serving cell per CG on E-UTRA and NR respectively, with NR configured in FR2, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2.

The UE maximum configured power PCMAX,c(i), on E-UTRA for the subframe i shall be set according to subclause 6.2.5 from 36.101. Applicable inter-band ΔTIB,c parameters shall be used according to the subclauses 6.2B.4.2.4 or 6.2B.4.2.5.

The UE maximum configured power PCMAX,c(j), on NR for the slot j shall be set according to subclase 6.2.4 from 38.101-2.

For the configured power measurements 36.101 subclause 6.2.5 and 38.101-2 subclause 6.2.4 are applicable.

However, FCC authorization host understood that power density for exposure limitation still satisfy the general public RF Maximum Permissible Exposure limits in Table 1 when UE simultaneously transmit the LTE and NR including FR2 as shown in Table 8. 
Table 8. Combination of P-MPR and maxUplinkDutyCycle

	EIRP max. power [dBm]
	UE type
	Measured PD [W/m2]
	EIRP power to satisfy MPE [dBm]
	Required power backoff [dB]
	Note

	22.4
	NR
	10
	16
	22.4-16 = 6.4
	2dB more power back-off is needed  for EN-DC UE

	
	EN-DC
	10
	14
	22.4-14 = 8.4
	


So, RAN4 need to discuss whether or not keep the configured output power for EN-DC including FR2 in TS38.101-3. Based on the RAN4 consensus, we can redesign the con-figured Tx power for EN-DC UE including FR1 and FR2.
Proposal 5: For the EN-DC NR UE including FR2, RAN4 need to discuss and decide whether or not keep the current agreements and specification. 

5. Conclusion

In this paper, we provide the measurement results for meet the MPE limitation for SA NR UE at mmWave. Also we propose candidate solution to satisfy the basic restriction of human exposure limitation as following
Proposal 1: Based on the endorsed UE feature list, RAN4 shall decide the default value of maxUplinkDutyCycle to comply the MPE regulatory requirements.
Proposal 2: To decide the default value of maxUplinkDutyCycle, 0dB P-MPR should be decided as basic principle to maintain cell coverage in FR2.
Proposal 3: The default value of maxUplinkDutyCycle should be decided with 20% duty cycle ratio without P-MPR to maintain cell coverage.
Proposal 4: RAN4 will discuss and decide the dynamic maxUplinkDutyCycle and P-MPR in rel-16 based on the required total power reduction level to comply MPE regulatory requirements.

Furthermore, there is some different understanding for applying the RF exposure limitation when EN-DC UE simultaneously transmit the LTE and NR including FR2. So we propose as follow
Proposal 5: For the EN-DC NR UE including FR2, RAN4 need to discuss and decide whether or not keep the current agreements and specification.
Reference

[1] R4-190xxxx, “RAN4#90bis Meeting report”, RAN4 chair
[2] RP-190704, “Update of RAN4 UE feature list for rel-15 NR”, NTT DoCoMo
[3] R4-1904991, “RFE compliance in FR2 – ad-hoc minutes”, Intel Corporation
[4] R4-1814862, “FR2 UE RF exposure compliance and its system implications”, Nokia
