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1 Introduction
During recent RAN4 meetings, it was approved to start discussing uplink duty cycle control for FR2 performance optimization while maintaining exposure compliance [1-2]. It was also agreed that the approach used in FR1 for high power UEs (HPUEs) would guide discussions in FR2 [3].

This contribution presents our views on how to address uplink duty cycle control to maintain RF exposure compliance in FR2 by focusing on relevant differences between FR1 and FR2. 
2 Discussion
Under certain conditions, the amount of power back-off needed for regulatory compliance of FR2 devices will have an impact on performance [4]. In order to reduce the amount of power back-off needed, and since MPE will be time averaged, it was agreed to start discussing uplink duty cycle control in FR2 [1-2]. A capability for UL duty cycle control called maxUplinkDutyCycle has been defined for HPUEs devices supporting PC2 in FR1 [5-7]. This capability makes use of the dynamic frame structure in NR [9]. Given that the NR frame structure applies to both FR1 and FR2, it was approved to approach the uplink duty cycle discussions in a similar way in FR2 [2]. Lastly, in the last RAN4 meeting [3], relevant differences in power class definition between FR2 and FR1 were highlighted as these could affect how the uplink duty cycle control is approached in FR2. We will go over these in more detail.
There are two power classes in FR1: power class 2 (HPUE) and power class 3 (default). Each power class is defined by the maximum output power. In contrast, FR2 currently has four power classes [8], and each power class is a set of four parameters: minimum peak EIRP, spherical coverage, maximum TRP and the regulatory defined maximum EIRP. The table below summarizes the approved requirements for the four power classes in FR2.

Table 1: Summary of FR2 power classes
	Power Class
	Min peak EIRP [dBm]
	Spherical coverage CDF [dBm]
	Max TRP
[dBm]
	Max EIRP
[dBm]

	PC1
	28GHz = 40.0

39GHz = 38.0
	85%-tile

· 28GHz = 32.0

· 39GHz = 30.0
	35
	55

	PC2
	28GHz = 29.0
	60%-tile

· 28GHz = 18.0
	23
	43

	PC3
	28GHz = 22.4

39GHz = 20.6
	50%-tile

· 28GHz = 11.5

· 39GHz = 8.00
	23
	43

	PC4
	28GHz = 34.0

39GHz = 31.0
	20%-tile

· 28GHz = 25.0

· 39GHz = 19.0
	23
	43


As seen in Table 1, three of the four power classes in FR2 share the same max EIRP and max TRP values. Only PC1 has higher numbers for max EIRP and max TRP, based on its intended fixed operation.
Observation 1: In FR2, only PC1 has different max EIRP and max TRP values.
In FR1, the UE capability maxUplinkDutyCycle allows the HPUE supporting PC2 to control its uplink duty cycle. If the percentage of uplink symbols transmitted is larger than maxUplinkDutyCycle, the UE may need to go to the default power class (PC3). The spec is captured in TS38.101-1 [9] and copied below.
While it may make sense in FR1 to turn to the default power class in some situations, in FR2 the power classes have different minimum peak EIRP values. The only power class in FR2 with a different max EIRP is PC1, thus it is the only power class that could change power classes. If needed, changing from PC1 to any other power class in FR2 would imply a significant 12 dB drop. Considering this large drop could cause the link to fail and that PC1 is intended for fixed wireless where minimal user interaction is expected, it does not make sense to change power classes in FR2.

Observation 2: For FR2, changing power classes is only possible for PC1 and would mean a 12 dB drop.
In order to optimize its performance, whether or not a power class change is needed should be left up to the UE to decide. There are several choices currently available to the UE to ensure RF exposure compliance. Among these, we have the power management term P-MPR, and applying an uplink duty cycle control. For the UE, choosing the best method to use is situational. For instance, if the UE is close to the BS, P-MPR is likely preferred. However, if it is farther away, then uplink duty cycle makes more sense as a larger P-MPR may cause the link to fail. Furthermore, if needed, the UE should be able to use both options to ensure compliance and maximize performance.

Observation 3: Since determining the best method to use to optimize performance and maintain RF exposure compliance is situational, the UE should have the flexibility to choose the method it wants, and combine them if needed.
Proposal 1: Allow the UE the flexibility to choose which method to use to optimize its performance and maintain RF exposure compliance.

If the UE decides to do P-MPR, the input for the UE capability maxUplinkDutyCycle is set to 0 (avoids the default 50% from being applied to an empty field). This will make it clear that no UL duty cycle restriction is required. On the other hand, if the UE decides to restrict the uplink duty cycle, it should only back-off if the required duty cycle exceeds 50%.
After we align on these points, we can address the rest of the FR1 agreements. Additional discussion points are not precluded.
Observation 4: Additional discussion points beyond those included in this paper are not precluded from future discussions.
3 Conclusion
In this contribution we provided our views on important considerations for RF compliance and UL duty cycle control in FR2. In summary, we have made the following observations and proposals: 

Observation 1: In FR2, only PC1 has different max EIRP and max TRP values.
Observation 2: For FR2, changing power classes is only possible for PC1 and would mean a 12 dB drop.

Observation 3: Since determining the best method to use to optimize performance and maintain RF exposure compliance is situational, the UE should have the flexibility to choose the method it wants, and combine them if needed.

Proposal 1: Allow the UE the flexibility to choose which method to use to optimize its performance and maintain RF exposure compliance.

Observation 4: Additional discussion points beyond those included in this paper are not precluded from future discussions.
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If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:


-	if the field of UE capability maxUplinkDutyCycle is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or


-	if the field of UE capability maxUplinkDutyCycle is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or


-	[may] apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in sub-clause 6.2.4;


-	if the IE P-Max as defined in TS 38.331 [7] is not provided; or


-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;


-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in sub-clause 6.2.4;
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