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1 Introduction

FR2 UE MPE has been discussed in the past meetings, P-MPR and maxUplinkDutyCycle mechanisms were agreed in principle as the solutions to facilitate UE meeting MPE regulations requirements. An LS [1] was sent to RAN2 for introducing the maxUplinkDutyCycle to FR2 and CR [2] were agreed with TBD. 
	P-MPRf,c is the allowed maximum output power reduction and maxUplinkDutyCycle as defined in TS38.331 is the UE reported maximum duty cycle to facilitate the compliance described below with P-MPRf,c < [TBD] dB. The evaluation period for maxUplinkDutyCycle is 10ms.


Remaining issues includes:
· Clarification of P-MPR and maxUplinkDutyCycle relations
· How to define the maxUplinkDutyCycle IE values
This paper will further discuss the following remaining issues:

2 Discussion
2.1 P-MPR and maxUplinkDutyCycle
Currently in configured transmitted power, the relation of P-MPR and maxUplinkDutyCycle is unclear due to the description of “maxUplinkDutyCycle as defined in TS38.331 is the UE reported maximum duty cycle to facilitate the compliance described below with P-MPRf,c < [TBD] dB”. It is unclear how these two solutions are applied and how to restrict the P-MPR values. This section will discuss the application of P-MPR and maxUplinkDutyCycle, and then clarify the definitions.
· P-MPR backgrounds
In LTE, P-MPR has been used to make sure UE could meet the regulations requirements defined out of 3GPP scope like SAR, unwanted emissions and self desense caused by concurrent transmission of multiple RATs (see table 1) and the P-MPR used is up to UE implementation due to the requirements and scenarios are out of 3GPP scope. 
The P-MPR definition has been reproduced in NR FR1 and FR2, UE should be allowed to use necessary P-MPR to meet out of 3GPP requirements.
Table 1 P-MPR definition in LTE
	P-MPRc is the allowed maximum output power reduction 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-MPR c for serving cell c only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB


Observation 1: P-MPR is used to resolve SAR (proximity detection) and out of 3GPP scope multi-RAT emission requirements, the values are up to UE implementation.

· maxUplinkDutyCycle using scenario
maxUplinkDutyCycle mechanism was introduced in FR2 in last meeting, i.e. UE could do x dB power back off when the scheduled uplink duty cycle exceeds its capability. This mechanism is extremely important especially for scenarios where proximity detection is unavailable.
For scenarios that proximity detection is available, P-MPR and maxUplinkDutyCycle solutions possibly may not be used concurrently to solve SAR issue. However, it should also be noticed that P-MPR is not only for SAR, it also for out of 3GPP scope multi-RAT emission requirements. When multi-RAT emission requirements and SAR happened simultaneously, larger P-MPR will be needed.
Observation 2: The power back off of P-MPR and maxUplinkDutyCycle may be different since P-MPR covers not only SAR requirements but also out of 3GPP scope multi-RAT emission requirements.
· Relation of P-MPR and maxUplinkDutyCycle
Table 2 lists the five scenarios based on the combination of proximity detection availability and multi-RAT emission. 
· Scenario 1 and 2 are pure SAR issues, the total power back off is certain, no matter use P-MPR or maxUplinkDutyCycle. 
· Scenario 3, 4 and 5 related to the multi-RAT emission requirements which are out of 3GPP scope. It is unclear how much dB back off is needed, therefore impossible to limit the P-MPR values.
Table 2 Power back off of P-MPR and maxUplinkDutyCycle in different scenarios
	Scenario
	P-MPR
	MPRMPE
(maxUplinkDutyCycle)

	1
	SAR (proximity detection available)
	Total back off X dB

	2
	SAR (proximity detection not available)
	n/a
	X dB

	3
	multi-RAT emission requirements
	Y dB
	n/a

	4
	SAR (proximity detection available)+ 

multi-RAT emission requirements
	Total back off Z dB (≥ X dB)

	5
	SAR (proximity detection not available) +

multi-RAT emission requirements
	Y dB
	X dB


Observation 3: Only in condition of pure SAR issue and proximity detection is available, P-MPR and maxUplinkDutyCycle solutions have same results. Otherwise, P-MPR and maxUplinkDutyCycle have no relation with each other.
Proposal 1: Decouple P-MPR and maxUplinkDutyCycle capability when discussing FR2 MPE.
Even in scenario 1, is it possible to limit the UE power back off values? For FR1 it is clear 3dB back off is ok, but for FR2 it is quite different for different UEs, some UE may only need several dB, others may need tens dB. Therefore, we propose to leave it to UE implementation. Considering BS may use this information to do some optimization [3], this power back values could be reported to network in future releases.
Proposal 2: The power back off values when UL duty cycle exceeds maxUplinkDutyCycle capability is up to UE implementation and it could be reported to the network for radio link failure optimisation purpose in future releases.
· Changes to current descriptions
Based on the above discussion, following changes are needed for current configured transmitted power section. The company CR is [4].
	P-MPRf,c is the allowed maximum output power reduction. maxUplinkDutyCycle as defined in TS38.331 is the UE reported maximum duty cycle to facilitate the compliance described below. The evaluation period for maxUplinkDutyCycle is 10ms.
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.


2.2 maxUplinkDutyCycle IE values
The maxUplinkDutyCycle is the duty cycle that UE could maintain its max transmit power and meet MPE requirements. In FR1 the default value is 50%, and optionally reported values are 60%, 70%, 80%, 90% and 100%.
As discussed in [5], the worst case for FR2 UE is beam peak facing human body and the available UL duty cycle is the smallest. When UL duty cycle increases, the MPRMPE increases. It is possible to use MPRMPE exchange for UL duty cycle, but this function needs to report MPRMPE to the network which is out of release 15 scope. In release 15, what we could do is letting UE report only one duty cycle which corresponds to 0dB power back off.
Observation 4: In R15, only one duty cycle can be reported to the network which corresponds to 0dB power back off scenario.
In [6] and [7], the simulation results of UE maximum transmit power with different antenna configurations were presented and reproduced below. 
Table 3
Initial estimation of power levels for UE to meet MPE requirements
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(GHz)
	Array area (cm2)

2x2 – 10x10
elements 
	Maximum transmitted power (dBm)
	Maximum EIRP 
(dBm)

	
	
	
	ICNIRP
	FCC
	ICNIRP
	FCC

	Portable applications
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)
	10
	9.0 – 230
	13 – 25
	8 – 19
	24 – 50
	19 – 44

	
	20
	2.3 – 56 
	11 – 19
	6 – 14
	23 – 44
	18 – 39

	
	30
	1.0 – 25
	11 – 16
	6 – 11
	22 – 41
	17 – 36

	
	40
	0.56 – 14 
	6 – 12
	6 – 10
	17 – 37
	17 – 35

	
	50
	0.36 – 9.0
	5 – 11
	6 – 9
	17– 36
	17 – 34


If we take 2x2 antenna array configuration as an example, and comparing the Max TRP and Max EIRP with the 3GPP requirements, then we can see in order to meet the MPE requirements power back off is needed for max EIRP in table 4.
Table 4
Comparison of max power levels of 2x2 antenna UE with 3GPP requirements
	Portable applications
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(GHz)
	Max TRP
	Max EIRP

	
	
	ICNIRP
	FCC
	3GPP

Requirement
	ICNIRP
	FCC
	3GPP

Requirement

	
	30
	11
	6
	≤23
	22
	17
	≥22.4

	
	40
	6
	6
	≤23
	17
	17
	≥20.6


In [6], it has been pointed out that duty cycle can be used as a trade-off to increase UE power levels. Therefore, we can convert the power back off to duty cycle that is needed, as can be seen in table 5.
Table 5
Trade-off of UL duty cycle with the power back off for 2x2 antenna UE
	Portable applications
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(GHz)
	ICNIRP
	FCC

	
	
	Max EIRP -3GPP
	Max EIRP-3GPP

	
	30
	22 - 22.4 = -0.4 dB

· Max duty cycle = 91.2%
	17 - 22.4 = -5.4 dB

· Max duty cycle = 28.8%

	
	40
	17 – 20.6 = -3.6 dB

· Max duty cycle = 43.7%
	17 – 20.6 = -3.6 dB

· Max duty cycle = 43.7%


Observation 5: 
· For 30GHz, the maxUplinkDutyCycle for UE to comply with FCC requirements is 28.8%, and 91.2% for ICNIRP requirements.

· For 40GHz, the maxUplinkDutyCycle for UE to comply with FCC and ICNIRP requirements is 43.7%.

Based on the initial evaluations, it can be seen that the maxUplinkDutyCycle IE values could start from 20% to 90% with 10% step. The default values could be 20% for 30GHz (n257, n258, n261) and 40% for 40GHz (n260).
Proposal 3: The maxUplinkDutyCycle IE values start from 20% to 90% with 10% step and default values are 20% for 30GHz (n257, n258, n261) and 40% for 40GHz (n260).
3 Conclusion
Observation 1: P-MPR is used to resolve SAR (proximity detection) and out of 3GPP scope multi-RAT emission requirements, the values are up to UE implementation.

Observation 2: The power back off of P-MPR and maxUplinkDutyCycle may be different since P-MPR covers not only SAR requirements but also out of 3GPP scope multi-RAT emission requirements.

Observation 3: Only in condition of pure SAR issue and proximity detection is available, P-MPR and maxUplinkDutyCycle solutions have same results. Otherwise, P-MPR and maxUplinkDutyCycle have no relation with each other.
Observation 4: In R15, only one duty cycle can be reported to the network which corresponds to 0dB power back off scenario.
Observation 5: 
· For 30GHz, the maxUplinkDutyCycle for UE to comply with FCC requirements is 28.8%, and 91.2% for ICNIRP requirements.

· For 40GHz, the maxUplinkDutyCycle for UE to comply with FCC and ICNIRP requirements is 43.7%.

Proposal 1: Decouple P-MPR and maxUplinkDutyCycle capability when discussing FR2 MPE.
Proposal 2: The power back off values when UL duty cycle exceeds maxUplinkDutyCycle capability is up to UE implementation and it could be reported to the network for radio link failure optimisation purpose in future releases.
Proposal 3: The maxUplinkDutyCycle IE values start from 20% to 90% with 10% step and default values are 20% for 30GHz (n257, n258, n261) and 40% for 40GHz (n260).
Corresponding CR is R4-1900254, LS to RAN2 is R4-1900255.
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