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1 Introduction
RAN4 has discussed how to handle the Maximum Permissible Exposure (MPE) regulatory requirement in the context of the UE power back-off and uplink duty cycle scenarios over the past meetings. A draft CR was endorsed not to introduce an upper bound on P-MPR in the NR FR2 UE requirements [1], and an LS was sent to RAN2 for notifying the further agreement of RAN4 on the capability values of maxUplinkDutyCycle and its time window [2]. By doing so, RAN4 has agreed to have two methods, one is P-MPR, the other is maxUplinkDutyCycle capability, during Rel-15 in the UE RF specification to enable the UE to comply with RF exposure limits. 
However, a further discussion had been made at the latest RAN plenary meeting on maxUplinkDutyCycle, and a WF on FR2 maximum UL duty cycle was also approved as a guidance to RAN4 and RAN2 from RAN#83 [3]. The most recent agreement related to RAN4 has been captured as follows:
	· RAN#83 has discussed RAN4’s agreement on FR2 maxUplinkDutyCycle capability values for PC3 UE in [1]. 
· RAN would like to inform RAN4 and RAN2 that it has updated the FR2 maxUplinkDutyCycle capability values as follows {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%} 
· RAN4 is asked whether any value  <= 10% should be added


In order to complete this Rel-15 requirement within two meetings of RAN4, this paper presents our latest simulation results of RF exposure levels and provides our views on the remaining open issues related to the MPE scenarios as a part of the effort to answer the question from the plenary.
2 Discussion
2.1 Regulatory requirements
Table 1 provides a summary of the recent FCC update and the ICNIRP draft exposure limits applicable for FR2 devices as introduced in [4]. 
Table 1: General public RF EMF exposure limits
	
	FCC
	ICNIRP

	
	‘Old’
	‘New’
	‘Old’
	‘New’ (Reference levels)

	 (GHz)
	6
	6
	10
	6

	Incident power density (W/m2)

	10 
	10 
	10 
	55*f--0.177

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


Regarding the test separation distance for the RF exposure limits, it can be roughly divided into three categories which are for head, body and hotspot according to the multiple FCC KDBs as below:
· Head (IEEE Std 1528-2013 referred to FCC KDB 447498 section 4.2.1): 
	“… Because variations in position may cause significant variations in peak spatial-average SAR, the protocol shall be written such that the handset is tested for the expected variations of the intended use position. Based on available information and experience, IEEE SCC34 (now ICES TC34) established consensus by selecting four operating positions, specifically the “cheek” and “tilt” positions at the ear on the left and right sides of the SAM phantom. These positions produce results that are representative of typical exposures expected to occur in the heads of a significant majority of persons during the intended use of handheld wireless devices, but may not be representative of a worst-case position. A worst-case position may be outside of the range of intended use positions and difficult to determine within a reasonably finite number of tests. …”


· Body worn accessory (FCC KDB 447498 section 4.2.2):
	“A conservative minimum test separation distance for supporting off-the-shelf body-worn accessories that may be acquired by users of consumer handsets should be used to test for body-worn accessory SAR compliance. This distance is determined by the handset manufacturer according to the typical body-worn accessories users may acquire at the time of equipment certification, but not more than 2.5 cm, to enable users to purchase aftermarket body-worn accessories with the required minimum separation. The selected test separation distance must be clearly explained in the SAR report to support the body-worn accessory test configurations. Devices that are designed to operate on the body of users using lanyards and straps or without requiring additional body-worn accessories must be tested for SAR compliance using a conservative minimum test separation distance ≤ 5 mm to support compliance”


· Hotspot mode (FCC KDB 941225 D06):
	“The hotspot mode and body-worn accessory SAR test configurations may overlap for handsets. When the same wireless mode transmission configurations for voice and data are required for SAR measurements, the more conservative configuration with a smaller separation distance should be tested for the overlapping SAR configurations. This typically applies to the back and front surfaces of a handset when SAR is required for both hotspot mode and body-worn accessory exposure conditions. Depending on the form factor and dimensions of a device, the test separation distance used for hotspot mode SAR measurement is either 10 mm or that used in the body-worn accessory configuration, whichever is less for devices with dimension > 9 cm x 5 cm. For smaller devices with dimensions ≤ 9 cm x 5 cm because of a greater potential for next to body use a test separation of ≤ 5 mm must be used. The combination of test distance and 1-g SAR measurements required for near-body exposure also supports hand-held exposure; therefore, separate 10-g extremity SAR evaluation is not necessary.”


Therefore, the analysis to determine the requirements for the MPE scenario should be based on the worst test separation distance which is the head exposure condition with 0mm. 
Observation 1: For test separation condition, zero distance should be considered for the MPE discussion on RF exposure levels.
2.2 Simulation results
Based on the current regulatory requirement and background in section 2.1, the simulated result for the RF exposure level is provided in Table 2. As noted in Observation 1, the separation distance should be zero. However, we have considered the actual measurement environment condition that the probe antenna for the power density measurement is covered by a dielectric cap which is 2mm thick. To get analogous results to the real-world as much as possible, 2mm is taken into consideration in our simulations which can work the same way with the practical measurement. 
It should be noted that the provided our latest simulation results in Table 2 may not perfectly match with the real product UE to be measured and tested for the regulatory compliance in the future.
Table 2: Simulated RF Exposure levels at 28GHz
	Averaged power density (4cm^2)

	
	Ant type
	Band
	Distance
	UL duty
	Worst PD [W/m^2]

	CASE 1
	Patch
1 x 4 array
	n261
	2mm
	100%
	40.99

	
	
	
	2mm
	50%
	20.49

	
	
	
	2mm
	25%
	10.25

	
	
	
	2mm
	12.50%
	5.12

	CASE 2
	
	
	2mm
	100%
	36.59

	
	
	
	2mm
	50%
	18.29

	
	
	
	2mm
	25%
	9.15

	
	
	
	2mm
	12.50%
	4.57

	CASE 3
	
	
	2mm
	100%
	36.78

	
	
	
	2mm
	50%
	18.39

	
	
	
	2mm
	25%
	9.20

	
	
	
	2mm
	12.50%
	4.60


Since all simulated numbers of the power density in Table 2 definitely depend on UE implementations and other outside of 3GPP conditions such as the total exposure requirement for simultaneous multi-RAT transmissions, 10 percent needs be incorporated into the range of the maxUplinkDutyCycle. Moreover, other values included in the outcome of the plenary discussion should be kept to allow flexibility to UE implementations by using a trade-off relationship between power back-off and uplink duty cycle while maintaining the compliance.
Observation 2: All the capability values included in the outcome of the plenary discussion from 10 percent need to be kept to allow flexibility for UE implementations, and to consider other conditions such as multi-RAT transmissions.
2.3 NR slot patterns and resources
Once there is a restriction on the maximum time for UL transmission, throughput performance and resource utilization for DL and UL must occur. More than that, with smaller UL transmission time, UL coverage for HARQ and CSI feedback could be significantly impacted due to higher code rate and due to lower available UL power.
For example, let’s assume two cases of 10% and 20% UL portions among total time duration, e.g., 1 slot and 2 slots out of 10 slots. With ignoring UL-DL switching time, 9 slots and 8 slots can be used for DL transmission, respectively for 10% and 20% UL portions. That means, for 10% UL portion, HARQ-ACK feedback corresponding 9 DL slots should be sent by using 1 UL slot while, for 20% UL portion, HARQ-ACK feedback corresponding 8 DL slots should be sent by using 2 UL slots. This results in higher code rate of uplink control information (UCI) on PUCCH and also lower UL power to carry the UCI due to shorter time used for PUCCH, which significantly degrades UL coverage.
Also, in real deployment scenario, NR slot pattern of DDDFU is likely to be used widely with periodicity of 5 slots, where this TDD slot pattern is not changed for a while. It means, the first three slots out of 5 slots are used for DL and the last slot is used for UL. The second last slot out of 5 slots can be used for both DL and UL dynamically. With 10% max UL duty cycle, one UL slot from 10 slots of DDDFU DDDFU cannot be allocated for a given UE. For the given UE, it will waste 10% of time resources. Because of that, latency is quite increased, especially, UL transmission. 
More than that, with below 10% max UL duty cycle, more than one UL slot from 15 slots of DDDFU DDDFU DDDFU cannot be allocated for a given UE. In this case, for the given UE, it will waste more than 10% of time resources. Because of that, latency is quite increased, especially, UL transmission.  
Observation 3: Below 10 percent of maxUplinkDutyCycle values results in significant waste of UL resources and it also degrades UL coverage for HARQ-ACK feedback.
Therefore, our proposals for finalizing the remaining requirements are:
Proposal: Given the RAN plenary decision, it is proposed to use the capability values in the set of {10, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100}
3 Conclusion
In this contribution, we provide our view on the capability values of maxUplinkDutyCycle updated in RAN #83 [3]. All the observations in section 2 are summarized as below. 
Observation 1: For test separation condition, zero distance should be considered for the MPE discussion on RF exposure levels.
[bookmark: _GoBack]Observation 2: All the capability values included in the outcome of the plenary discussion from 10 percent need to be kept to allow flexibility for UE implementations, and other conditions like multi-RAT transmissions.
Observation 3: Below 10 percent of maxUplinkDutyCycle values results in significant waste of UL resources and it also degrades UL coverage for HARQ-ACK feedback.
Based on the above observations, we would like to propose: 
Proposal: Given the RAN plenary decision, it is proposed to use the capability values in the set of {10, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100}
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