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1 Overview
1.1 Contribution list

	TDoc
	Title
	Source
	Type
	For
	AI
	Status

	R4-1814719

	Update on RF EMF regulations of relevance for handheld devices operating in the FR2 bands
	Ericsson, Sony
	discussion
	Discussion
	7.6.6.1.2
	available

	R4-1814862
	FR2 UE RF exposure compliance and its system implications
	Nokia, Nokia Shanghai Bell
	other
	Approval
	7.6.6.1.2
	available

	R4-1814957
	Discussion on UE RF exposure compliance in FR2
	OPPO
	discussion
	Approval
	7.6.6.1.2
	available

	R4-1815787
	Uplink duty cycle and power back-off considerations for FR2
	Intel Corporation
	discussion
	Approval
	7.6.6.1.2
	available

	R4-1815953
	RF Exposure to system performance
	Qualcomm Incorporated
	other
	Approval
	7.6.6.1.2
	available

	R4-1815966
	Discussion on RF exposure compliance in FR2
	vivo
	other
	Approval
	7.6.6.1.2
	available

	R4-1814782
	Draft CR for RF exposure compliance in TS38.101-2
	LG Electronics France
	draftCR
	Endorsement
	7.6.6.1.2
	available

	R4-1814958
	Draft CR on introduction of maxUplinkDutyCycle in FR2
	OPPO
	draftCR
	Endorsement
	7.6.6.1.2
	available


1.2 Contribution summary
	Source/ Tdoc
	Summary

	Discussion papers

	Ericsson, Sony

R4-1814719

	Updated previously submitted table (updated table below). The maximum EIRP for a 4-element array in the 20GHz range for FCC compliance is 18dBm; for 30 to 40GHz, value is 17dBm. Main conclusions from previous paper remain: max EIRP of 30 dBm is challenging, while a 20-25 dBm EIRP is generally possible.
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10

9.0 – 230

13 – 25
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24 – 50
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20

2.3 – 56 

11 – 19

6 – 14

23 – 44

18 – 39

30

1.0 – 25

11 – 16

6 – 11

22 – 41
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6 – 12

6 – 10
17 – 37

17 – 35

50

0.36 – 9.0

5 – 11

6 – 9

17– 36

17 – 34



	Nokia, Nokia Shanghai Bell
R4-1814862

	Observation 1: Important to understand how much P-MPR UE may need to take for the RF exposure compliance purposes in practical deployments with practical EIRP supported by UE
Observation 2: Large and unpredictable P-MPR for the RF exposure compliance purposes may cause UL radio link failures and connection releases unless other mechanisms are developed.

Based on the discussion we propose the following:

1. RAN4 discusses how large P-MPR UE may need for the RF exposure compliance purposes in practical deployments with practical EIRP supported by UE. 
2. If RAN4 concludes that the UE may need large P-MPR for RF exposure compliance, RAN4 should start identifying mechanisms and UE assistance information to the network that could be used for minimizing radio link failures and connection releases due to UE RF exposure compliance.

If RAN4 on concludes that needed P-MPR may not be more than ~ 2-3 dB, RAN4 should discuss how to ensure this in practice.

	OPPO

R4-1814957
	Observation 1: In FR2 the RF exposure requirement is power density which is an averaged value over several minutes.
Observation 2: Only rely on P-MPR to make UE comply with regulation requirements may not be enough.
Observation 3: Power class fall back in FR2 is not possible.
Observation 4: MPR solution in FR1 cannot be easily applied to FR2 which need to be adjusted.
Observation 5: Different maximum uplink duty cycle exists corresponding to different beams, and the worst case is peak beam facing the human body.

Observation 6: How much dB power back off is uncertain for different FR2 UEs and may cause connection failure if the power back off level is unknown to the network.

Observation 7: The power back off dB value (MPRRFexposure) can be defined as the peak EIRP minus EIRPAllUL where EIRPAllUL is the highest power that UE can transmit by meeting power density limits in the peak beam direction with 100% UL symbols scheduled, i.e. MPRRFexposure = peak EIRP - EIRPAllUL.
Proposal 1: Define the maximum uplink duty cycle under peak beam facing human body condition as the capability of FR2 UE maxUplinkDutyCycle capability.

Proposal 2: UE power back off dB values (MPRRFexposure) should be reported to the network to avoid potential connection failure and implement optimizations from network side.

Proposal 3: In order to avoid unnecessary power back off, defining the calculation of MPRRFexposure in the spec should be considered.

	Intel

R4-1815787
	FCC compliance

· PD = 1mW/cm²

· d = 5mm

· Avg. area = 4 cm²
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Observation 1: Analysis should focus on the 4x1 architecture used to derive minimum peak EIRP, and the current FCC guidance expected to be applicable to early 5G NR deployment.

Observation 2: For 100% UL duty cycle, the max allowed EIRP is 18 dBm with a back-off power of at least 4.4 dB. Restricting the UL duty cycle to 50% and 20% allows the UE max EIRP to increase by 3dB and 7dB, respectively.

Observation 3: Effective data rate for max EIRP close to the power class requirement, yields ~40Mb/s.

Observation 4: Given the potential impact on mm-wave radio link and the current timeline, RAN4 should include UL duty cycle restriction as an optional mitigation technique for FR2 to be used along with P-MPR.

Observation 5: For UE capability maxUplinkDutyCycle there should be no power class change in FR2.

Observation 6: Evaluation period definition for FR2 can be the same as FR1’s; left up to the UE, with at least one radio frame (10ms).

Proposal 1: RAN4 should include UL duty cycle restriction as an additional mitigation technique for FR2. An LS to RAN2 will provide the relevant differences expected for the capability in FR2.

Proposal 2: Allow the UE the flexibility to choose whether to use P-MPR or uplink duty cycle restriction to optimize its performance and maintain RF exposure compliance

	Qualcomm
R4-1815953
	Proposal: Ran4 to discuss and target solutions to mitigate large P-MPR impact to system performance in Rel-16

	vivo
R4-1815966
	Observation 1: Similar to LTE, for NR FR1, the purpose of UE power class fall back from PC2 to PC3 is to keep SAR level not worse. 

Observation 2: For FR2, 50% restriction of uplink duty cycle no longer applies for the power drop other than 3dB.
Observation 3: For FR2, different UE power class means different UE types and requirement applicability may also different, then UE power class fall back for FR2 from PC1 to other power classes could be meaningless. 

Observation 4: Power back off definition in RAN4 which involves uplink duty cycle changes could be considered, but may not be essential.
Observation 5: It is still doubtful whether reporting P-MPR could actually be beneficial.
Proposal 1: Do not consider 12dB fall back from PC1 to other power class as a defined behaviour in the spec. 
Proposal 2: Maximum uplink duty cycle restriction scheme needs to be modified if it is considered to be introduced as optional for RF exposure compliance in FR2.

Proposal 3: Other possible solutions are not precluded. The complexity issue should also be taken into account.

	Draft CRs

	LG Electronics France
R4-1814782
	Reason for change: RAN4 agreed to introduce possible solution to compliance RF exposure limitation. One candidate soultion is restricted ULdutyCycle at FR2. Hence introduce the restricted the percentage of uplink symbols transmitted in a certain evaluation period in UE configured Tx power requirements.
Summary of change: In section 6.2.4, we add P-MPRf,c and RUDCf,c . 

The RUDCf,c is the allowed the percentage of uplink symbols transmitted in a certain evaluation period for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPRf,c or RUDCf,c or both P-MPRf,c and RUDCf,c for carrier f of a serving cell c only for the above cases. 

Below is the suggested text:
P-MPRf,c is the allowed maximum output power reduction and RUDCf,c  is the allowed the percentage of uplink symbols transmitted in a certain evaluation period for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPRf,c or RUDCf,c or both P-MPRf,c and RUDCf,c for carrier f of a serving cell c only for the above cases. 

NOTE 1:
P-MPRf,c was introduced in the PCMAX,f,c equation such that the UE can report to the gNB the available maximum output transmit power. This information can be used by the gNB for scheduling decisions.
NOTE 2:
RUDCf,c is applied to UE in the set {50%, 40%, 30%, 20%, 10%} and the UE can report the applied the uplink percentage to the eNB.
NOTE 3:
P-MPRf,c and RUDCf,c may impact the maximum uplink performance for the selected UL transmission path.

	OPPO
R4-1814958
	Reason for change: As discussed in R4-1814957, the maxUplinkDutyCycle for FR2 need to be introduced in the spec
Summary of change: Introduced the maxUplinkDutyCycle for FR2.

Below is the modified equation and added text:

PPowerclass – MAX(MPRf,c, MPRRFexposure, P-MPRf,c) – MAX{T(MPRf,c), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
Where MPRRFexposure is the power reduction value that UE reports to the network to ensure compliance with power density related to human exposure to radio frequency fields and it is only applied when the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle capability as defined in TS 38.331. In other cases, MPRRFexposure is 0.


2 Discussion points
· RAN4 #88Bis WF on RF exposure compliance in FR2 [R4-1814176] states: RAN4 should decide whether to solely rely of P-MPR to maintain compliance with RFE limits, or introduce mitigation techniques. Based on Tuesday’s online discussions
Agreements: 

· Not enough to solely rely on P-MPR
· Introduce techniques to facilitate RFE compliance and mitigate radio link failure
· Solutions/potential mitigation techniques for Rel-15
· Maximum uplink duty cycle restriction, study configuration with capability
· Solutions/potential mitigation techniques for Rel-16
· Dynamically indicated maximum uplink duty cycle restriction

· UE provides information for network to avoid UL failure (UE initiated)

· e.g. information about P-MPR being reported to the network by the UE
· Other solutions not precluded

· Questions
· For maximum uplink duty cycle restriction, would it be possible to reuse FR1’s maxUplinkDutyCycle with some adjustments and not much impact to RAN2?
· 
Default value
· 
Extend the range of percentages

· Include a term for the maximum uplink duty cycle in the specs ( as suggested in LGE paper
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