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1 Introduction
In recent RAN4 meetings, uplink duty cycle control for FR2 performance optimization while maintaining RF exposure (RFE) compliance has been discussed [1-3]. Additionally, how to handle situations when the UE has to reduce its NR UL transmit power (through P-MPR) suddenly and drastically was addressed in [4]. During RAN4 #88-Bis, it was approved for RAN4 to decide whether to only use P-MPR or include additional mitigation techniques to prevent potential link failure and optimize performance [5].

In this paper we show the potential impact the FCC limits can have on EIRP of handheld UEs and discuss how a technique like uplink duty cycle control can help prevent link failure by reducing the back-off power needed for RFE compliance in FR2. 
2 Discussion
Currently, the power management term P-MPR is the only available resource to the UE for RFE compliance. Relying on it alone, may result in link failure. During the last RAN4 meeting, discussions for the RFE compliance FR2 topic focused on preventing potential radio link failure. One approach looked to the UE to provide relevant information to the network [5], while another made use of an uplink duty cycle restriction to lessen the back-off power needed [1]. Ultimately, it was agreed that RAN4 should decide whether to solely rely on P-MPR for RFE compliance, or include additional mitigation techniques [5]. This paper examines the back-off power impact on performance and discusses uplink duty cycle restriction as a technique to help prevent link failure.
Under certain conditions, the amount of power back-off needed for regulatory compliance of FR2 devices will have an impact on performance [6]. The implications of RFE limits from different regulatory entities on maximum EIRP were discussed in [7] for different array sizes. The smaller arrays (2x2) required the most back-off power to be compliant. This is expected as larger arrays typically have larger surfaces for power distribution. The paper noted that if the max EIRP is 20-25 dBm, then compliance is possible. This also depends on the antenna design and integration. Given that the minimum EIRP defined for PC3 is 22.4 dBm, handheld UEs may run into some issues. The FCC recently updated the test procedure for transmitters operating > 6 GHz. So, to better assess the current situation, we provide an analysis based on the latest FCC guidance. Also, since MPE is time averaged (4 seconds for 24GHz to 42GHz [8]), we will restrict the max uplink duty cycle to see the reduction we get in the back-off power needed.

Analysis assumptions
Peak EIRP derivations for power class 3 assumed a 4x1 antenna architecture [9]. Using this as our baseline architecture, Table 1 shows the maximum allowed EIRP to be compliant with current FCC guidance for portable applications at 28GHz, based on the max UL duty cycle used. Modelling was done using Ansys’ high frequency structure simulator. The FCC limits were chosen as they are the strictest and should apply to the first deployed 5G devices. The limits imply a power density of 1 mW/cm², for example at a distance of 5mm, with an averaging area of 4cm². Impact of max data rate is also included in the table.
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.
Table 1: Maximum allowed EIRP of a 4x1 array for FCC compliance
	FCC compliance

· PD = 1mW/cm²

· d = 5mm

· Avg. area = 4 cm²
	Max duty cycle

[%]
	Max allowed EIRP

[dBm]
	Cell edge UL throughput
[Mb/s]

	
	100
	18.0
	100

	
	50
	21.0
	50

	
	40
	21.9
	40

	
	20
	25.0
	20


Without any restriction on the UL duty cycle, the max allowed EIRP is 18 dBm, which is 4.4 dB below the minimum peak EIRP requirement for power class 3. This means that there is at least 4.4 dB of back-off required for compliance (exact back-off will depend on the actual EIRP) and may likely cause radio link failure. If duty cycle is restricted to 50%, the max allowed EIRP increases to 21 dBm.

Observation 2: For a 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.
Restricting the duty cycle will also impact the throughput. For 100% duty cycle and a 100MHz QPSK 128RB with 60 kHz SCS MPR=0dB waveform, ~100Mb/s is achieved. This effective data rate is attained by taking the config used for UL data rate calculations in FR2 [(100MHz, 120kHz, 2x2, 64QAM)x8CC], properly scaling the SCS and RBs, and applying a single layer (no rank 2 signalling for DFT-s-OFDM) and lower coding rate for QPSK. After linearly scaling the effective data rate, we see the maximum allowed EIRP is close to the 22.4 dBm requirement with a 40Mb/s data rate, and 40% uplink duty cycle.
Observation 3: Effective data rate for max EIRP close to the power class requirement yields ~40Mb/s.

As evidenced by Table 1, relying on P-MPR alone may lead to radio link failure. Allowing the UE to restrict its uplink duty cycle can provide the necessary dBs to prevent this, but it will impact the achieved data rate. Considering the potential impact on performance, RAN4 should include UL duty cycle control as an optional mitigation technique for FR2.
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.

Defining maxUplinkDutyCycle for FR2
A capability for UL duty cycle control called maxUplinkDutyCycle has been defined for HPUEs devices supporting PC2 in FR1 [10-11]. This capability makes use of the dynamic frame structure in NR [12]. 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 [3]. The FR1 maxUplinkDutyCycle spec details are captured in TS38.101-1 [12] and copied below.

For FR1, if the percentage of uplink symbols transmitted is larger than maxUplinkDutyCycle, the UE may need to go to the default power class (PC3). As discussed in [1], it does not make sense to change power classes to a default class in FR2. Therefore, this can be removed for FR2. The evaluation period is left up to UE implementation, but must be at least one radio frame (10ms). Considering the 4 second averaging time set by the FCC, this evaluation period definition is reasonable and can be reused in FR2.
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).

Once these changes are incorporated to the maxUplinkDutyCycle UE capability definition, then the UL duty cycle restriction can be added as an optional mitigation technique for FR2. 

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.
Beyond P-MPR and uplink duty cycle restriction, there are other potential techniques the UE could use to ensure RF exposure compliance. Providing the network information on the needed back-off power so it may take actions to avoid link failure (like changing to another beam) was discussed in [4]. Determining the best method to use to optimize performance and maintain RF exposure compliance is situational. Thus, the UE should have the flexibility to choose which of methods it wants to use, and combine them if needed. An assessment of relevant information to optimize this process should be discussed. For now, including uplink duty cycle restriction will help prevent link failure and should be included as an additional technique.
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.

For example, if the UE decides to do P-MPR, the input for maxUplinkDutyCycle is set to 0 (avoiding the default 50% from being applied to an empty field). This will make it clear that no UL duty cycle restriction is required.
3 Conclusion

In this contribution we provided our views on the potential impact P-MPR may have on the radio link and how uplink duty cycle restriction as an optional technique available to the UE can help prevent this while maintaining RFE compliance. The following observations and proposals were made: 

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.
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[12] TS 38.101-1
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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